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LOCATION: OF EPICENTRES FOR 1916. 
By Ernest A. Hopcson. 


HE annual publication of epicentres, begun in 1911, has been 
carried to the end of 1915. 


This article continues the series 
through 1916. These have been more or less ready for publication 
for some time, but owing to the fact that the work of some stations 
has been greatly handicapped by the war, their bulletins for 1916 
were not received until early in 1918. The receipt of these altered 
some locations and enabled us to determine others more closely. 
The data are still insufficient, but are the best that can be expected 
_at this time. 


As explained in previous articles published in the JoURNAL, by 
Dr. Klotz, the location of an epicentre—or point of origin of an 
carthquake—depends upon data from three or more stations. For 
every well marked disturbance, i.e., strong shocks which are not 
confused by closely following ones—each station is able to distin- 
guish the time of arrival of the preliminary, or P waves, and the 
secondary, or S waves. The difference in time of arrival of these 
two at any station is a measure of the distance from that station 
ty the epicentre. Each station then is able to determine the dis 


tance from the epicentre to its instrument. This distance is re- 
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ferred toas A. If two stations furnish their respective distances 
the circles representing these, drawn oa a globe with the prover 
stations as centres, would intersect in two points. A third station 
giving a value of A enables the third circle to be drawn which 
distinguishes the epicentre. 

The thirty-inch ‘globe has been used somewhat in these loca- 
tions, but they have all been plotted on a stereographic projection, 
as proposed by Dr. Klotz some years ago, and the iables published 
by him for this purpose were used. Sometimes, even where there 
are only two stations publishing data which yield A, an approx- 
imate location can be had if there are other stations which publish 
the time of arrival of the L waves at their instruments. This is 
sufficient in some cases to distinguish which of the two points of 
intersection of the two circles is to be taken. 

From the tables for the difference of the time of arrival of the 
S and P waves, the distances A can be found. From the table 
for the P waves the time for this wave to come the determined dis- 
tance can be ascertained, and subtraction of this value from the 
actual time of arrival of the P wave gives a value for O, or the 
time at the epicentre. Of course, these values for O should all be 


the same, but into the value for O enter all the errors possible- 
the errors of the instruments, of the readers, of the S-P table and 
of the P table, and last, but by no means the least, the error of the 
clock at the station. Notwithstanding all these errors, which by 
the way are such that they are not likely to balance off, the record- 
ing of O for the different stations is one of the most interesting 
things a seismologist is called upon to do. For well marked quakes, 
the O’s from the various stations—from China and Japan, South 
America, England, Africa, Australia, Alaska, etc.—agree within a 
few seconds with the records obtained in the United States and 
Canada. The values for O are published this year for the first 
time, and are the most probable value from the data at hand. 

, During the year 1916 there were 105 earthquakes recorded 
at Ottawa. Not all were of a nature which enabled us to geta A 


for Ottawa, bui i'l are entered in the list. Of these, 32 yield a 


good locaii-n, 26 on approximate location, and 48 no location. It 
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is rather curious to note how the latter appear in large groups 


about April 2 and October 3 in this particular year. The first 


column gives the Greenwich Mean Date of the earthquake and all 
hours referred to are in G.M.T. The second column gives the 
stations used in the determination, together with their respective 
valus of A The third gives the latitude and longitude of the 
determined epicentre and the value of O—the time at the origin. 
The fourth gives the determination of the epicentre as given by 
other places, and the last gives the other data which were found to 
be in error. If the data of a station when used to find O give a 


value highly discordant with the general value, the seismogram 


nas evil 


been misinterpreted, and the value of A was not 
used. 
It has been interesting to examine the data in the last column 


and find out where the error in reading lies. It is we 


for distances over 10,000 km. the horizontal component of PR, is 
creater tha hat nt P and that - ean the Greet nh- > 
greater than that of J, and tnat as a consequence the nrst phase 
appearing on a seismogram is PR,. This is sometimes true for 


distances a little less than 10,000 km. We have examined the 
Ottawa records which were misread and find this to be the most 
common misinterpreiation. It is safe to assume that where an- 
other station records P, S, etc., but where the O is greatly in error, 
that phases appeared at that time, but were not interpreted cor- 
rectly. Acting on this assumption, the records for ot 
which were in error were examined and it was found to be the 
same source of error in a number of instances. But where a 
station has its own seismograms at hand, a study of them in the 
light of the collected reports from many stations would prove of 
great service in enabling one to detect the idiosyncrasies of his 
instruments. Having the epicentre and O, cne can compute the 


times when each of the phases should have arrived, and a study of 


the record at those times is very illuminating. 


known that 
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Jan. I 


Jan. 13 


Jan. 13 


Jan. I9 


Jan. 24 


Jan. 26 


Stations 


Sydney = 3280 
\Osaka = 4660 
‘Zikawei = 5100 
Sitka = go020 
Cartuja = 15400 


Sydney = 3620 
Osaka = 3y20 
Manila 2620 
Batavia = 3540 
Honolulu = 7960 


\Zikawei = 3750 
\Cartuja = 14800 


Sydney = 3670 
Osaka = 3826 
Zikawei = 3740 
Manila = 2610 
Batavia = 3420 
lCartuja = 14800 
|Honolulu = 8200 


Sydney 3450 
Zikawei = 5140 
Tiflis = 9550 


Ottawa = 8130 
Harvard $230 
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Epicentre Location 
eo = 4° S. Cartuja 
153° E. @ = 4° S. 

hm s A= 14896E 
O = 13 20 26 
Location and Sydney 
time approxi- gives 
mate Rabaul 
New Brit’n 
lp = 2%5 S. | Sydney 


A=139° 7S. 
hm s A= 140° E, 


Other Data 


Ottawa = 13000 
|Harvard = (gS8oc) 
. Honolulu = 6440 
Buffalo = 4220 
Berkeley 9280 
Northfield = (4640) 
Paris = 12080 
Cleveland = 5640 
Coimbra (4860) 
Manila = 7060 


La Paz = (15600) 
Lawrence = 11460 
‘Paris (8560) 
Harvard = (12850) 
Toronto = 5100 
Tiflis = 9480 
Algiers = 3170 


O= 61807 Cartuja 

lp = 5° 
IX = 135° E. 
Manila 
\**New Guinea” 
| 


A=1399° E. @= 3S 
hm s |A = 142° E. 


O= 82028 

lm = 15°-4 S. 

IA = 122°°8 E. 

hm 

= 18 56-4 
approx. 


ip = 41°°3 N. Cartuja 
IA = E. = N. 


Eskdalemuir = 3210) hm s |X = 36°°5 E. 


Barcelona 2920 
Zikawei = 7260 
Coimbra 3490 
Cartuja = 3540 
Tiflis = g20 
Paris = 2810 


Kiskdalemuir 2200 
Jarcelona 1980 
Coimbra 2830 
Cartuja = 2440 
Tiflis 1820 


O 655 13 Eskdalemuir 
gives | 
“Armenia” 


iD = 45°°4 N. Tiflis 
23°°7 E. = 46°*3 N. 


7 38 09 


Ottawa = (66co) 

St. Louis = (7000) 
Georgetown (20903 
Harvard = (7020) 
Barcelona = 10550 
Tiflis = (g680) 
Sitka = 4460 
|\Washington = (12875) 
iLawrence = 4630 
Paris = 8870 
'Tacubaya = 9225 


|Honolulu = 3700 
|Toronto = 2660 
} 
| 


La Paz = 8020 
jOsaka 7230 
Washington (8520) 
[Toronto 2590 
\Northfield (8420) 


Ottawa = 5630 
‘Harvard = (6500) 
|Washington (7275) 
Bidston = 2360 
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, LOCATION OF EPICENTRES FOR 1916 
¥ 
Date: | Stations Epicentre | Locations Other dates 
fan. 26 Sydney = 3500 Oo = a” S. Harvard = (12420) 
Osaka = 73860 X = 176°°6W.,) La Paz = 7600 
Washington = hm os 
(11500) O = 12 25 20 
Tacubaya = 9520 Location 
and time 
approximate 
jan. 30 No Location Harvard = (9380) 
Sydney = 23c0 
La Paz = 8800 
Honolulu = 1680 
Jan. 31 Sydney = 9020 = 41° Ottawa = 8710 
La Paz = 4050 A= 200" W. Harvard = 4930 
Balboa 5880 hm s Georgetown = 9400 
Washington = 9§0O = 17 56 12 Coimbra = (5420) 
Tacubaya = 6290 Honolulu = 3240 
Bidston = 6g00 
Feb. 1 Osaka = 840 @ = 28°'1 N. | Ottawa = 11000 
Zikawei 1000 A = 130°s E Harvard = (15200) 
Tiflis = 7530 hm s Eskdalemuir 9320 
Sydney 7300 O 7 36 30 | Washington = (4525) 
Location Honolulu (6680) 
and time Paris = 9400 
approximate Bidston 9400 
Feb. 3 No Location St. Louis Ottawa = 1430 
gives Harvard = (3500) 
| “New York St. Louis 1700 
| State” Washington 420 
{Northfield (gSo 
Feb. 6 Osaka 1370 Ottawa (3900) 
Zikawei 2840 = 
Pitlis = 8580 Location 
doubtful 
Feb. 6 Ottawa = 50° N. Sydney Harvard gSoo 
3t. Louis = 6750 E. gives Georgetown 7940 
Berkeley 4050 hm s “Aleutian |Coimbra = a640 
Zikawei = 5100 QO = 33 Islands” |Cartuja 12800 
La Paz 12940 Osaka 3360 
Saskatoon 4880 Batavia (11500) 
Piflis $goo Sitka 2300 
Washington 7760 Honolulu 2820 
Sydney g700 lacson 6360 
lacubaya 7850 Cheltenham gobo 
Lawrence 6320 


Buftalo 
sidston 


3240 
$440 


= 
Bek 


a 
4 
4 


256 E. A. Hodgson 
LOCATION OF EPICENTRES FOR 1916 . 
Date | Stations | Epicentre Locations Other Dates 
IgI6 
Feb. 8 La Paz = 890 P= 24° S. La Paz Georgetown = 4220 
Washington = = 75°°8 W. gives i\Cartuja = 160 
| h m Julcamarca, 
= 36°83 Peru 
approx. 


Feb. 14 No Location ‘(Ottawa = (8100 
4 


La Paz (10110) 
Osaka = 5000 
‘Zikawei = 2859 
\Tiflis = (8gg0) 
Honolulu = 5320 
Feb. 15 Ottawa = 4650 = 65° 
Zikawei = 7120 A = 145°°5 W. |Harvard = 6490 
Saskatoon = 2600 hm s \Georgetown = 6240 
Washington = 52300 = 11 35 52 lLa Paz = 8900 
Cheltenbam = 5220 jCartuja = 8670 
Tacubaya = 6000 \Algiers = (8710) 
{Northfield = (5700) 
|Coimbra = 2960 
|Lawrence = 4080 
Honolulu = i490 
Buffalo = 2260 


St. Louis = 3500 


Feb. 20 Ottawa = 6200 © = st°3 N. jHarvard = 6520 
Eskdalemuir = 7920, = 168° W. |Georgetown = 7o10 
Coimbra = 9440 hm s Barcelona = g200 
Osaka = 4770 O = 17 47 46 |Cartuja = 9740 
Zikawei = 5870 St. Lovis = 6500 
Sitka = 2080 \Northfield = 5665 
Washington = 6750 |Tiflis = (9200) 
Paris = 8760 \Buftalo = 4500 

Sydney = 9500 
| 

Keb. 27 Ottawa = 4120 @ = 10° N. Press report (Georgetown = 3740 
St. Louis = 3180 r 87°°6 W. Nicaragua La Paz = (3900) 
Harvard = 3950 hm s i\Cartuja = $600 
Vieques = 2550 O = 20 20 47 Saskatoon = 5220 


Cheltenham = 3470 
Washington = 3330 
Bidston 8806 


Honolulu = 7140 
|Paris $760 
(Coimbra = 10360 


Tacubaya = 1880 \Cleveland = 5520 

Osaka = 13180 \Denver 3240 

Balboa = 865 {Lawrence = 3560 

Northfield = 3925 Buftalo 3540 
Sydney = 13700 

Mar. 1 No exact location Records few La Paz = 6180 
Felt at Balboa and very Tacubaya = 2190 
Heights. contradictory |Rio de Janiero = 5700 


4 
q 
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Date 


19:6 
Mar. 12 


Mar. 


Mar. 


Mar. 


Mar. 


Mar. 


Mar. 3 


Mar. 31 


Apr. 
Apr. 


Apr. 6 


Apr. 
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LOCATION OF EPICENTRES FOR I9I6 


Stations Epicentre Location Other Data 
| 
Ottawa = 3900 = sa” Georgetown = 4010 
La Paz = 4080 Ir = go” W. Harvard = (3490) 
Washington = 3290) hm s Buffalo = 1640 
os 7 38 08 St. Louis = 670 
Location Tacubaya = 765 ‘ 
and time 
approximate 
No Location Ottawa = (1900) 
Georgetown = (2600) 
Eskdalemuir = 6040 
| Bidston = 8440 
Eskdalemuir = 8610'@ = 42° N. 
Osaka = 980 hm s 
O= 05600 


No Location 


No Location 


No Location 


Georgetown = 3350 @ = 40°°6 N. 


} 


Saskatoon = 1520 
Washington = 3360 
Buffalo = 3170 


No Location 


No Location 
No Location 


No Location 


No Location 


| 
| 


Zikawei = 1000 
Honolulu = 4560 


‘Insufficient data 
|Ottawa = 3300 
|Georgetown = 2850 
|La Paz = 5600 
|Washington = 2625 


Georgetown 
gives Panama 


Harvard = 4220 
= 126° 6 W. 
Nevada 
O's very 
discordant 
Location 
doubtful 


Insufficient data 
No values for A 


Harvard = (4840) 


Tacubaya 
| 
Insufficient data 


No values for A 


Insufficient data 
|No values for A 
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LOCATION OF EPICENTRES 
Date Stations Epicentre 
Apr. 7 (Batavia = 6150 = 32°-7S. | 
\Manila = $700 IA = 55° 3 E. | 
|Algiers = 9450 h m 
Os 9 26°23 
| Location 
andtime | 
doubtful 


Apr. 11 |La Paz = 5400 


Apr. 14 |La Paz = 5210 
|Tacubaya = 387 


Apr. 14 pie Location 


Apr. 15 Zikawei = 4220 
Manila 2840 
Batavia = 450 


Apr. 16 No Location 


= 60° S. 


A= 45° W. | 
| Location 
| approximate | 


iD = 16°-6N. 
IA = W. 
hm 
1O = 20 31°4 
Location 
and time 
approximate 


and time 


| 

| 

| Location 
| approximate 

} 


Apr. 18 Ottawa = 6250 = 
Harvard = 6700 IA = 172° W. } 
Georgetown 6640) hm s 


Coimbra 8060 


IO = 35} 


Eskdalemuir = 7650) 


Barcelona S920 


Tucson 5260 
Washington = 6 
Bidson 7960 


1916 


Other Data 


Zikawei = 9400 

La Paz = 5600 
Coimbra = 9520 
Eskdalemuir = 9560 
Barcelona = 9640 
Harvard = 10500 


Made use of incom- 
plete data from other 
Stations. 


None of the reports 
give a value for A 


Bidston = 7140 
Coimbra = 7360 


Harvard = (2460) 
|La Paz = 5250 

| Tucson 1430 
lLawrence 2170 
|Tacubaya = 387 


Ithaca = 6420 
Saskatoon 3880 
|Tacubaya = 6850 
Zikawei = 5320 
Osaka = 3640 
jSitka = 2380 
Northfield = 6225 
Algiers 9160 
Berkeley = 3770 


Lick = 3880 


a 
. 
| 
| 
| 
lp = 1°-4 S. 
IX = 101° "1 
| 
| 
| 
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LOCATION OF EPICENTRES FOR I9I6 
Date Stations | Epicentre Locations Other Data 
1916 
Apr. 21 (Zikawei = 1810 ® = 33°°3 N. | Ottawa = (10000) 
Eskdalemuir = gogo\ = 141° E. \Coimbra = 3880 
Osaka = 560 hm Barcelona = (420) 
Manila = 2890 O = i 38°7 Cheltenham = 6780 
Berkeley = 8340 Approximate Washington = 4460 
Lick = 8240 | Honolulu = 6560 
Saskatoon = 8380 Northfield = 4400 
Bidston = 12240 
Apr. 24 Ottawa = 2930 @ = 18°°6 N._ Bufialo gives Ithaca = 2730 
Spring Hill = 2380 \ = 68°°4 W. San Domingo Barcelona = 6530 
Georgetown = 2440 hm s Haiti La Paz = 3690 
Harvard 2650 O= 42629 Honolulu = 8680 
Saskatoon = 4740 Fordham = 2580 
Coimbra = 6080 Balboa = 966 
Eskdalemuir = 6780 Tiflis = 9070 
Washington = 2375 Tacubaya = 2100 
Berkeley = 5450 Bidston = 5440 
Lick 5510 
Cheltenham = 2360 
Buffalo = 2820 
Northfield = 2690 
Apr. 24 Ottawa = 3840 ® = 11° N. Fordham = 3580 
Harvard 3740 AX = 86° W. Spring Hill = 2440 
Coimbra $160 hm Georgetown = 3530 
Vieques 2460 O $ 02 Saskatoon = 5300 
Cheltenham = 32c0, Approximate Eskdalemtir = 8160 
Honolulu = 7720 Osaka = 11760 
Balboa 770 Barcelona = g280 
Algiers 9120 La Paz = 3270 
Washington = 3420 
Berkeley = 5040 
Lick = 5000 
Northfield = 3700 
‘Bidston = 9640 
Tacubaya = 2100 
Ithaca = 3640 
Buffalo = 3400 
Apr. 24 ‘* Local Shock ” Ottawa = 220 
No exact location 
Apr. 26 Spring Hill = 2440 = 9°°5 N. | La Paz gives Coimbra = 8160 
Georgetown 3330? $2°°6 W. Panama Barcelona = go4o 
Saskatoon 5140 hm is Lawrence = 3310 
Eskdalemuir = 84000 a0 Algiers = 8800 
La Paz = 3240 Berkeley = 5340 
Cheltenham = 3300 Lick = 4900 
Washington = 3290 Bidston = 7600 
Honolulu = 8200 St. Louis = 3180 
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Date Stations 
= 
Apr. 26 Balboa = 400 
continu’d Harvard = 3730 

Ithaca = 3580 


Apr. 26 |La Paz = 3420 
Washington = 3450 
Balboa = 520 
|\Northfield = 3980 


Apr. 26 ‘La Paz = 3280 


Epicentre 


ip = 8°°7 N 

A = 84°°2 W 
hm 

O= 625 14 


@=7°SN. 


Washington =(3510)\ = $3°°6 W. 


Northfield = (3920) 


May 9 IZikawei = 4780 
Batavia = 2150 
|Manila = 4200 

May 10 Buffalo = 3960 
La Paz = 3240 


Balboa = 390 
Vieques = 2100 


May 11 Location 


May 14 |No Location 


May 17 \No Location 


May 26 No Location 


May 26 No Location 


hm s 

O= 71601 
Location 
and time 


approximate 

> = 2° N. 

A = E. 
h m 


O = 14 33'5 
Location 
and time 


approximate 
Ip = 8° N. 

A = W. 

hm s 

O = 21 3618 


Locations 


} 

| Press report, 
| Rimini, Italy 


Other Dates 


Northfield = 3420 


‘Ottawa = 3g10 
(‘Harvard = 3420 
\Washington = (3260) 
Algiers = 9370 


Tacubaya = 2440 
Victoria = 2390 


Georgetown = 2700 
La Paz = 8280 
‘Cheltenham = 1710 
Washington = (5520) 
Lawrence = 2160 
\Buffalo = 2260 
Tacubaya = 1840 
Victoria = 870 


‘Harvard (2650) 
Harvard = (7000) 
Coimbra = 2140 
Pompeii = 225 


Tiflis = 2720 


Tacubaya = 2860 


About 21 hours. No 
stations give a A. 


4 | 
4 
| | 
| 
| 
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LOCATION OF EPICENTRES FOR 1916 


Date Stations | Epicentre 
June 2 |Ottawa = 3350 = 16° N. 
Ithaca = 3110 |A = 95° W 


La Paz = 4480 | hm 
Washington = 2820 oO = 13 50ca 


facubaya = (180) Location 
and time 
approximate 
June 2. |No Location 
Juneg Zikawei = 2800 = N. 
Manila = 1230 a= 1905 
hm 
O = 21 24°2 
Location 
and time 
appreximate 
June 15 |No Location 
June 19 Ottawa = 5100 Q = 0° 
|La Paz = 3010 A= oe" W. 
Washington = 4220 hm s 
|Balboa = 1545 O = 50 
| 
June 20 |No Location 
June 21 Ottawa = 7270 © = 17°-7 S. 
Georgetown = 6620|X = 57°°3 W. 


Ithaca = 6920 hm s 
Coimbra = $200 O = 21 32 34 
Washington = 6650 
La Paz = t140 


June 24 No Location 


June 25 No Loeation 


Locations 


| Other Data 


INorthfield = 2¢60 
\Georgetown.= 3530 
|Barcelona = (849C) 
= 3070 


‘About 6 hours. No 
stations give a A. 


} 

Paz = (9380) 
|Batavia= (3630) 
\Osaka = (3860) 


Ottawa = (16000) 
Zikawei = 4600 
Batavia = 840 
Manila = 2840 
Honolulu = 5320 


Coimbra = 3260 
Toronto = 6110 


. Tacubaya = 2350 


About 7 hours. Ne 
stations give a A. 


Vieques = 3900 
Cheltenham = 6220 
Eskdalemuir = 8280 
Batavia = 50 
Manila = 16260 
Osaka = 9530 
Zikawei = 4540 
Balboa = 1770 
Tacubaya = 5690 


Ottawa = (4800) 
Washington = 4720 


Lawrence = 2100 
Tacubaya = 1650 


| 
{ 
\ 
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Date 


| Stations © Epicentre 


LOCATION OF EPICENTRES FOR 


Other Data 


June 30 |Ottawa = 4890 = 1° 


luly 8 


July 


July 


July 


July 


July 


|Georgetown = 4200 A = 81°°4 W. 
(Coimbra = 8600 hm s 
|Eskdalemuir = 91400 = 30021 
Paz = 2410 

|Lick = 5820 


\No Location 


| 


| 


‘Osaka = 700 g = 40° N. 
Eskdalemuir = gcoo,\ = 143°°5 E. 
Paris = 9280 hm 
(Ottawa (re-read) = O = 18 14°7 


j 9540 Location 
Batavia = (6600) and time 
approximate 
La Paz = 1910 @ = co? 
Washington = 4160 \ = 72° W. 
Ottawa (re-read) — hm 
5000 = 10 30°5 
Location 
| and time 
approximate 


No Location 
No Location 


La Paz = 3470 @ = 10° N. 


Washington = 3270/\ = 83°°7 W. 
Ralboa = 443 hm 
Paris = 8940 'O = 17 37°5 


Time value 
approx. 


Barcelona = 9140 
\Victeria = 7020 
Toronto = 5430 
fucsen = 5900 
|Cheltenham = 2930 
Washington = 3700 
Honolulu = 3810 
jAlgiers = 9300 
\Berkeley = 6100 
Batavia = (10290) 
{Balboa = 966 
Bidston = 8800 


\Ottawa = (3300) 
(Barcelona = 8340 
Eskdalemuir = 7800 
jCartuja = (15000) 
}Coimbra = 5070 
Isaka = 4960 
Victoria = 920 
Honolulu = 2590 
Tacubaya = 8710 
Bidston = 6560 


Several stations 
apparently read S 
and recorded it as P. 


|About 6 hours, No 
stations give a A. 


|About 17 hours. No 
stations give a A. 
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Aug. 


Aug. 


Aug. 


Aug. 


Aug. 


Aug. 


Aug. 
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LOCATION OF EPICENTRES FOR 1916 


Stations | Epicentre | 
No Location 
| 
Manila = 3190 7S. 
Osaka = 4320 = 144°°7 
Zikawei = 4680 


Cartuja = 15000 O= 1 3020 
Location 
and time 


| approximate 


No Location 


No Location 
Ottawa recorded as 
two quakes. 


No Location 


Eskdalemuir = 92300 = 37°°5 N. 
Osaka = 580 = 

Zikawei = 1860 hm s 
| O= 4 24 35 
Location 


Ottawa = 7500 io = 22°3 S. 
fucson = 7260 
Washington = 6820 hm s 


Northfield = 7440 O= 944 17 
Harvard = 7140 
Algiers = 10000 


La Paz = 540 — = 23° S. 
Comparison of the A= 71° W. 


A= 


141°°4 E. | 


Ottawa records ofyes-- Approximate | 


terday with this one, 
together with above 
and a press report 
from Chili. 


Locations 


Cartuja 
= 4° S. 


Near New 
Guinea 


Cartuja 
3. 


Press report 
Santiago, 
Chili 


Other Data 


About 21 hours. No 
stations give a A. 


| 
{Ottawa = (9800) 
Eskdalemuir = 9450 


145°°5 E.| Sormbra = 3540 


Victoria = 2410 
|Sitka = 4560 
‘Washington = 8550 
Honolulu = 2820 
Northfield = (8835) 
Paris = (11240) 


Northfield = (2290) 
No other station 
yielded values for 

| distance. 

| 

|Washington = 2640 

\No other station 
yielded a value for 

distance. 


About 1g hrs. §9 min. 
No values for A 


Victoria = (1740) 
Washington = 810 
Tacubaya = 2110 


Eskdalemuir = 9580 
Cartuja = g860 


Gaeorgetown = 9540 


Coimbra = (6110) 
Bidston = 9520 
Tacubaya = 1480 


Cartuja (4180) 
Washington = (3170) 


| 
Date 
1916 
| 
| 
| 
| | | : 
| 
| | 
| | 
2; 4 
\ = 74°°2 
| | 
| 


Aug. 28 


Aug. 30 


Sept. 1 


Sept. 3 


Sept. 


Sept. 11 


Sept. 15 


E. A. Hodgson 


Stations Epicentre Locations 


LOCATION OF EPICENTRES FOR I916 


Other Data 


Eskdalemuir = gooom = 38° N. | 

Osaka = 580 A = 141° E. 

Zikawei = 2040 hm s |) 

Paris = 9220 \O = 22 42 36 | 

Bidston = 8920 

Osaka = 4900 32° 

Zikawei = 3690 A = 82¢1 E. | 

Sitka = g420 hm s 

Barcelona = 6960 |O = 6 39 42 

Algiers = 6990 

\Paris = 6700 

Bidston = 7020 

| 

No Location 

‘No Location 

lOttawa = (14000) @ = 8°7S. 

{Osaka = 5100 E. 

Zikawei = 5580 hm s 

Honolulu = 6340 O= 7 1320 

No Location 

.No Location 

| 

(Osaka = 640 = N. 

iZikawei = 1830 A =141°4 E. 

| hm 
O 700°7 |} 


Location 

and time 

are very 
approximate 


Ottawa = 12200 
|La Paz = (1880c) 
Cartuja = 7500 
Coimbra = 7880 
Victoria = 11340 
Toronto = 11000 
Washington = 5900 
Northfield = 4680 


Honolulu = 2440 
No other station gives 
a value for A 


About 3 hours. No 
values of A 


Bidston = 4440 
Batavia = (5340) 


No values of A 


Ottawa = (14000) 
Cartuja = $340 

La Paz = 3030 
Coimbra = (3240) 
Osaka = 5280 
Washington = go10 
Bidston = 4880 
Tacubaya = 1100 
Harvard = 8820 
Manila = 1240 
Honolulu = 5780 
Northfield = (go10) 


Ottawa = 9120 
Honolulu = 5540 
Batavia = 5450 
Berkeley = 8640 
Washington (2650) 
Barcelona = 4840 
Paris - g160 
Bidston = 8800 


i 
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Date Stations 


Sept. 21 No Location 


Sept. 23 Otlawa 4030 
Washington 3420 
Honuluiu 7600 
Balboa gio 
Northfield 4160 
tlarvard 3840 


Vieques 20g0 
Paris 10120 

Sept. 29 Ottawa 6250 
9430 
Coiiubra go20 
Washington 55310 
Northfield 6120 

Oct. 3 Uttawa 6030 
Cheltenham §700 
Ithaca 6300 
ubra 9320 

6440 

reorgelow! 5900 
Harvard 6400 


Oct. 3 No Location 


Oct 1 No Location 
Oct. 11 No Location 
Uct. 13 No Location 
Oct. 20 No Location 


picentre Locations 


10” N. Press report 
85°-2 W. Nicaragua 
hm s 
5 42 28 
S, lress report 
78°°1 W ** Imperial 


Valley ” Cal. 


tor 1916 


265 
1916 
Other Data 
Georgetown (2440) 
Washington (2550) 
Tacubaya 2510 
Georgetown 3040 
Cartuja 9620 
Coimbra = 8640 
tordham = 4060 
{thaca = 3660 
fordham 4950 
Barcelona = g640 
Victoria = g400 
Washington = 6200 
ordham 7350 
Balboa 2080 
Northfield 6990 
Algiers = 9760 
Paris = 9560 
sidston 9920 
Tacubaya 4830 
foronto 6755 
ilawa {4000} 
Vashington 175 
Tacubaya 2010 
ilawa (COOO) 
Washington 3150 
Wilawa (5500) 
Isak 7700 
lacubava 2320 
Jarvard (y6Goo 
Batavia 8450 
No Station gave a 
value for A 
(Ottawa (G700) 
Victoria 244¢ 
Osaka 7600 
Washington 4h 
Hidston 9406 
lacubava (ag7o 


bos 
QO = 18 54 44 
N= 77-1 W. 4 
hm s 
() 12618 
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Date 


Oct. 21 


Oct. 21 


Oct. 31 


E. A. Hodgson 


LOCATION OF EPICENTRES FOR I916 


Stations Epicentre 
No Location 
No Location 
Sitka = 4180 IN = 1§8°°s E. 
Washington = 8700 | hm s | 
Zikawei = 3640 1O = 1§ 3107 | 


Batavia = S8oco } 
Eskdalemuir = $320 


Nov. 10 No Location 


Nov. 18 No Location 


Nov. 21 Ottawa = 3580 
Coimbra = 8620 A = W. 


= N. 


Tucson = 2410 | hm s 
Buffalo = 3240 1O = 
Balboa = 2220 } 
[Tacubaya = 770 


Nov. 24 No Location 


Nov. 30 Ottawa = 2870 9 


Dec. 14 Georgetown 


| 
} 


6 25 38 | 


19°°7 N. | 


Georgetown = 2290 A = 68°°8 W. | 


[Harvard = 247¢ hm s 
Ithaca = 2600 
Coimbra = 6140 
Washington = 2290 
Cheltenham = 2320 
Buffalo = 2690 
Paris = 7940 


7680 P = 50° N. 


Zikawei 4820 -4 E. 
Eskdalemuir = 8220 hm s 
Paris = gooo O 16 52 32 


Bidston = 8560 


= 31757 | 


Location 


Other Data 


\Zikawei = 3500 
Bidston = 4120 


No station gave a 
| value for A. 
(Quake about 22 hrs. 


Honolulu = 522¢ 
Northfield = 8820 
Harvard = 8470 
Algiers = 9560 
Toronto = 7600 
Cheltenham = 6680 
St. Louis = 4400 
iCoimbra = 5960 
Manila = 5010 
IParis = 8940 
Bidston = 9640 


} 
| 


\St. Louis = 3200 
[Tacubaya — 2670 


iLa Paz = 10080 


Georgetown = 3120 
|La Paz = 3820 
Washington = 2690 
Cheltenham = 3280 
iEskdalemuir = 8320 
Victoria =2050 

| 

‘Barcelona = 3290 
|Paris = 5660 
Algiers = 2960 


‘La Paz 3760 


Fordham = 2140 
\Victoria = 3240 
Toronto = 2590 


St. Louis = 3700 
Northfield = 2020 


| 

Ottawa 7770 
Victoria 3220 
Osaka 3410 


Washington = 7645 
Toronto = $325 
Vieques = 4280 


4 
7 
| 
4 
7 
| 
| 
| 
1 | } 
| 
} 
| | 
} 
| 
| 
| 
| 
| 
4 
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LOCATION OF EPICENTRES FOR 1916 


Date Stations Epicentre Locations 
1916 
Dec. 23 Georgetown 6920 = 22°°3S 
La Paz = 830 = 
Washington = 6900 hm s 
Eskdalemuir = 109000 = 9g 24 20 


Tacubaya = 5620 


DOMINION OBSERVATORY, 
OTTawa, CANADA. 
April 30, 1918. 


Other Data 


Coimbra = 
Victoria = ($700) 
Barcelona = 10680 
Vieques = 4280 
Honolulu = 6110 
Ottawa (new-rdg) = 
7500 
Toronto = 7485 
Bidston = 5320 
Zikawei 3280 
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NOVA AQUILE NO. 3 
By W. E. Harper. 


T= telegraphic announcement of the discovery of a new star 
in the constellation Aquila was received here on June 9th 
and communicated to the writer on the afternoon of the same 
date. It was cloudy here the previous evening when the star was 
discovered by so many observers in Europe and the United States. 
Plates have been made on 10 out of 15 nights since the announce- 
ment and 80 spectra have thus been secured of this remarkable 
object. It is the purpose of this article to give a brief summary of . 
the principal points of interestin connection with its spectrum and 


the changes that have taken place since its discovery. The in- 


strument used has been the single-prism spectrograph whose dis- 
persion at /7) is about 35°5 Angstroms per millimetre. In gen- 
eral, Seed 27 plates have been used, the region covered being 
from A3850 to 45030. While no accurate photometric results are 


to hand, save one from Harvard giving its magnitude as 1°00 on 
the night of June 12, vet for the sake of amateur readers it may 
not be amiss to state that at its brightest phase, which occurred 


some time later on the night of the th, it wassomewhat brighter 


than Vega whose magnitude is 0'1 Barnard gave its magnitude 
as — 1°4, that is about four times as bright as Vega, but to the 
observers here it did not appear to be nearly so bright as this. 
From its maximum brilliancy it has gradually faded until now it 
is about the same brightness as y Aquile (magnitude 2°8), the 
star two or three degrees northwest of Altair. 

On June 9th the plates showed a fairly strong continuous 
spectrum crossed by broad absorption bands, which were none 
too well contrasted. The hydrogen bands 473, H,), Hs, He, 
#{/¢, all appeared and also the lines at \5016 and A4922, presum- 


ably due to helium. A similiar band was also seen where the A’ 
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line of calcium would occur if its position were affected the same 
as those previously given. All of these bands when measured 
showed a displacement from their normal positions towards the 
violet corresponding to a velocity of approach of 1250 km. per 
sec. It is not implied of course that an actual translation of the 
star or of its vapors at this rate was occurring, the velocity idea 
being only a ready method of expressing the displacement of the 
lines from their normal positions. The agreement among the 
different lines was good. Sharp //and A lines showed on all 
the plates and these have maintained the same position on all the 
nights on which the star has been observed here. The result 
derived from 11 plates measured so far indicate a velocity towards 
the solar system of 22 km. per sec. The star was followed at 
intervals through the night but no marked changes in its 
spectrum could be detected. 

The first plate taken on June 10th showed a decided change 
in the spectrum. Emission bands, particularly of hydrogen, 
had now made their appearance, flanked on the side of greater 
refrangibility by pairs of absorption lines. The helium lines at 
5016 and \4922 were also nicely doubled, the less refrangible of 
the pair in these as in the hydrogen series being in every case 
the more intense. Over 70 lines or bands of absorption could 
now be counted between \5017 and \3889. The less refrangible 
lines of the pairs,—the ones corresponding to those of the pre- 
vious evening — were shifted further to the violet and corres- 
ponded to a velocity displacement of 1350 km. per sec. approach 
while the other member of the pairs corresponded to a velocity 
of 2200 km. in the same direction. While there is no doubt of 
the emission being present the contrast between it and the con- 
tinuous spectrum is not pronounced. 

In the plates of June 15th, 14th and 15th the emission bands 
have become much stronger while the continuous spectrum has 
weakened and the fainter of the numerous absorption lines seen 
on the 10th show up with difficulty or not at all. The absorp- 
tion bands are still shifting farther towards the violet and on the 


15th are 1700 km. and 2300 km. per sec. respectively from their 
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normal positions. The emission spectrum is broadened, being 
now some 50 Angstroms wide. //) extends from 44316 to 44563 
though it fades off gradually at the edge of less refrangibility. 
‘here are at least three centres of intensity to each of the hydro- 
gen emission bands, one being in about the normal position of 
the line while the other centres are very much to the red and 
violet respectively. 

Probably the most striking change in the plate of June 17th 
and following dates is the absence of the more refrangible of the 
pair in the series of the absorption lines. The other members of 
the pair retain about the same position as on the 15th or, if any- 
thing, are more slightly to the violet, the mean of the displace- 
ments on the plates of June 17th, 18th, 19th, 20th and 25rd 
corresponding to a negative velocity of 1750 km. per sec. The 
very broad emission band whese limits are approximately \4610 
and \4700 and which is probably due to the well-known lines 
\4633 and \4688 has been steadily growing in intensity on these 
plates. 

Many more details could be described but a fuller discussion 
is reserved for a later article. The accompanying photographs 
represent the spectrum on five different dates. The enlargement 
is about 5°8-fold. 

DOMINION OBSERVATORY, 
OTTAWA, CANADA, 
June 24th, 1915. 
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THE GEODETIC COMPARATOR OF THE DOMINION 
LANDS SURVEYS LABORATORY.* 


By G. BLANCHARD DOopGE. 


HISTORY AND OBJECT. 


VERY Dominion Land Surveyor is required by law to be in 

“~ possession of a subsidiary standard of the legal measure of 
length for Canada. Prior to 1886 these subsidiary standards were 
3 feet pine rod end measures and were furnished to the surveyors 
by the Department of Inland Revenue. They were of little or no 
use to surveyors, and, as no penalty was provided in case of non 
possession, so far as I have been able to find, no surveyor procured 
one. 

In 1885, the Board of Examiners for Dominion Land Sur- 
veyors, impressed with the necessity of supplying adequate stand- 
ard measures to surveyors, recommended that a line measure 
consisting of a 66-foot steel band be substituted in the place of the 
3-foot woaden rod, and that the Dominion Lands Act be amended 
to provide that such measure should be furnished to surveyors by 
the Secretary of the Board, after being tested and stamped by the 
Department of Inland Revenue. A penalty of twelve months’ sus- 
pension was suggested for surveyors not complying with the law. 
These amendments were adopted by Parliament in 1886. The 
steel bands were procured and the Board of Examiners deputed 
one of its members, the late Dr. King, to ascertain whether the 
Department of Inland Revenue had a suitable comparator for 
testing such measures. Dr. King was shown a comparator in- 
tended for end measures, and not suitable for testing line measures 
such as those to be furnished to surveyors. Dr. King asked that 


*Paper read before the Ottaw a Centre of the Royal Astronomical 
Society of Canada. 
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a suitable comparator be installed, but was informed that this 
would not be done until their new standards building, for which 
they had been endeavoring unsuccessfully for some time past to 
have provision made in the estimates, was erected. Thereupon, 
the Board adopted a resolution recommending that the law be 
amended so as to place the testing of these measures under their 
own control, and that the purchase of a comparator be authorized. 
3efore acting on the resolution,the Deputy Minister of the Interior 
communicated with the Commissioner of Inland Revenue, and was 
informed that a suitable comparator would be procured. Then 
followed a period of five years, during which the Department of 
Iniand Revenue alternately refused and agreed to instal this com- 
parator, until it was finally set up in 1891 on an ordnance lot on 
Cliff Street. 

The plans for the comparator had been furnished by the Sur- 
veyor-General, but the workmanship was so rough that the tests 
were never satisfactory. The uncertainty of measurements under 
these conditions may be illustrated by the experience of Mr. A. 
©. Wheeler, one of the surveyors of the Department, with a 100- 
metre tape. A test of this tape was furnished by the manufac- 
turers, Messrs. Keuffel and Esser of New York, and another test 
by the United States Coast and Geodetic Survey. It was also 
compared with Mr. Wheeler’s subsidiary standard, which had 
been tested once by the Department of Inland Revenue and twice 
by the Board. 

The five comparisons, reduced to the same temperature and 
tension, gave results as follows :— 


m mm 
Bd. of Examiners, first test ............. 52.66 
U.S. Coast and Geodetic Survey ........ 24.03 
Dept. of Inland Revenue ................ 38.05 
Bd. of Examiners, second test .......... 58.60 


an uncertainty in the length of the tape of the order of less than 
! in 2,000, or equivalent to about three feet per mile. 


Although, as shown above, the tests were not satisfactory, the 
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comparator was used for some years and one hundred and thirty- 
.five measures were tested and issued to surveyors. 

A rough wocden shed had been erected over the comparator. 
In 1902, boys broke into the place, carried away some parts of the 
comparator and so damaged others that it was rendered practically 
useless. 

Matters remained in this condition until 1905, when the 


Prior to 1886 


3 ft. pine rod, 1°x 1/25 


One-fifth actual size 


1886 to 1911 
a 
Cres 
66 ft. steel band, 0°5 x 07014, 
weight with reel 2 Ibs. 13 oz. 
width of graduations, 0°011 


- One-fifth actual size 


1912 to date 
66 ft. steel band, 0°25 x 01012 @ 
weight with reel 2 Ibs. 1 oz. 
width of graduations, 0'002 


Two-fifths actual size 


One-fifth actual size 


Fic. 1.—Typrs or D. L. SusstpIARY STANDARDS 


Board of Examiners, at the suggestion of the Department of In- 
land Revenue, recommended that the Dominion Lands Act be 
amended so that the testing and furnishing of subsidiary standards 
be placed under the control of the Board, and that authority be 
given the Surveyor-General for the establishment of a suitable 


comparater. This amendment was incorporated in the Dominion 
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Lands Surveys Act of 1908, and provision was made in the cst'm- 


ates for the comparator and a comparator ordered. The building 


was ready for occupation in 1913 and the comparator was installed 


in 1914, and has been in operation since September of that year. 


THE BUILDING. 
The comparator building consists of two rooms, one a small 
vestibule and cloak room and the other, the main room, containing 


the comparator. This main room, Fig. 2, is 150 feet long, 10% 


feet wide, and 12 feet high. Owing to the necessity when testing 


steel standards that the change of temperature in the room should 


be as small as possible, the walls, floor and roof are exceptionally 


+ 


well insulated. Fig. 3 shows a section through the building. The 


walls are approximately four feet thick, eighteen inches being 


> being at one 


shavings. There are no windows, the only entri 


end by means of a double door, the inner one being of the refriger- 


ator type. Ventilation is furnished by means of two small air in- 


takes, B, one at each end of the room, located at the base of the 


walls, and four outlets, 4, equally spaced along the centre of the 


ceiling. These ventilators are adjustable and may be regulated 


any desired amount between full open and completely closed. A 


Ventura blower fan, C, of 18” diameter, driven by a .25 H.P. 


motor, and suspended from the ceiling near each end of the room, 


irculates the air and maintains the temperature uniform over the 


whole room, while the tests are being. made. The room is heated 


by twenty Simplex electrical heaters, D, Pigs. 2 and 3, placed close 


to the floor and evenly distributed along the two sides of the room. 


Each heater is wired for three degrees of heat—low, medium and 


high. A heater is also placed in each air intake in order to control 


the temperature of the air admitted. 


The various heater circuits are controlled by a Johnson Ser- 


vice Company's reguiaior operating on a switchboard placed 


one end of the room, and governed by a Johnson thermostat placed 


on the wall midway the length of the recom. By means of this 


thermostat and controlling device; during the fall, winter and 


re months, or while the outside temperature is below, say, CO 
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PLATE VI. 


Fic. 5.—V1EW OF COMPARATOR ROOM, NORTH END 


Journal of the Royal Astronomical Soctety of Canada, 1918 
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the temperature of the recom is maintained within about I° Fahr. 
each way of standard temperature (62° Fahr.), or between 61 
and 63°. A Bristol recording thermometer placed in the centre 
of the room shows the variation of temperature and the degree oi 
regulation attained. A reproduction of the chart for the week 
ending 11th January, 1917, is shown in Fig. 6. In all tests where 
the temperature is an important factor (e.g., the standardization 
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Fic. 3.—SECTION ON VV, FIGURE 2 


of the steel standards on the comparator base), all the heaters are 
thrown out of circuit during and for a few hours immediately 
preceding the tests. 


The room is lighted by means of nine 60-watt nitrogen filled 
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tungsten lamps suspended close to the ceiling over each 4 metre 
pier. A 6-volt circuit stepped down from the ordinary lighting 
circuit by means of two small transformers furnishes the necessary 
energy for the small lamps used with the microscopes. 


SURVEYS LABORATORY 


TEMPERATURE 


COMPARATOR ROOM 


Week ending January 11th, 1917 


Fic. 6.—GRAPH OF TEMPERATURE OF COMPARATOR -ROOM 
FOR WEEK ENDING 117TH JANUARY, 1917 


The standard tapes and wires and the tapes requiring to be 
tested are suspended overhead to adjustable brackets hung from 
the ceiling. These brackets are arranged so that the tapes, when 
not in use, may be raised overhead to be out of the way, and when 


required for testing, may be lowered to be within easy reach. 


EQUIPMENT. 


The equipment consists of :— 
(a) Al metre invar rule—the standard. 
(b) A 4 metre invar rule. 


(c) A 32 metre base. 
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(d) A 4 metre carriage for standardizing the base by means of the 4" rule. 

(e) Tension pulleys, pulley supports, thermometers, etc., for standardizing 
tapes and wires by means of the base. 

(f) Tape comparator, for standardizing the subsidiary standards, or other 
steel tapes by means of the steel standards. 

(gz) Precise balances for weighing the tapes and the tension weights. 

(h) Precise micrometer gauges for determining the cross sections of tapes. 

(i) Ice point apparatus and thermometer comparator for determining the 


zeros of the scales and comparing the thermometers with the standards 
ONE-METRE STANDARD. 
The standard rule is a 1-metre invar bar made at the Acieries , 
d’Imphy and finished by the Seciété Genevoise. The section is 


shown in Fig. 7. The rule is made of such a form that the plane 


Fic. 7.—SECTION OF 1™ RULE 


of the neutral fibres is exposed and it carries on the two outet 

edges of the surface two graduations as follows :— 

(1) On one edge—a one metre interval graduated continuously throug!i- 
out in millimetres. 

(2) On the other edge—a O—40 inch interval graduated continuously 
throughout in twentieths of an inch. 

The errors of graduation on the metre side and the co-efficient 
of dilatation were determined at the International Bureau ot 
Weights and Measures at Paris. 

It is supported at its Airy points (i.e., at those points wher 
the flexure of the bar causes the minimum shortening in its 


length ). 
THE FOUR-METRE INVAR RULE. 


The 4+-metre rule is an invar bar made at the Acieries d’Imphy 


and finished by the Société Genevoise. The section is shown in 


Fig. 8. The rule is made of such form that the plane of the neutral 
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fibres is exposed and it carries on the outer edge of the surface 


the following graduations :-— 


(1) Five principal divisions at intervals of*one metre, successively 0 to 4. 
Each of these principal divisions has an auxiliary division on each side 
of it at a distance of 1™™. 

(2) The metre interval 0-1 in graduated continuously throughout in milli- 
metres. 

(3) Two additional marks placed at 2.48™ and 3.24" from the zero mark 

and numbered 48 and 24 respectively. These marks are similar to the 

metre marks with auxiliary marks on each side. 


Fic. 8.—SECTION OF 4™ RULE 


The coefficient of dilatation was determined at the Tnierna- 
tional Bureau of Weights and Measures at Paris 


It is supported at :ts Airy points by a roller at one end and 
a saddle at the ot!.er, the axes of these two being at right angles 
and allowing the rule to be entirely free from constraint. 


YHE 32-METRE PASE. 


The base consists of a concrete monolith 32 metres long, 
resting on the solid rock. Projecting up from it and passing 
through openings in the floor are 9 concrete piers, /, /, J, Vig. 2 
spaced at intervals of 4 metres; to the front of each a cast iron 
bracket bearing a bench mark, Fig. 9, is securely bolted. These 
bench marks are adjustable in elevation and in a horizontal direc- 


tion transverse to the length of the base, but fixed in relation to 


their position on the base. The graduations are ruled on highly 
polished nickel plates, D, fastened to the front and top of the 
brackets. Each bench mark carries a graduation of six milli 


metres, ruled to tenths of millimetres. Projecting up from the 
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SALE 


FRONT VIEW TOP VIEW 


Fic. 9.—BENCH MARK 


back of each bench mark is a vertical rod (see Fig. 14), to which 
is clamped an adjustable arm which carries the small lamp which 
illuminates the graduations observed. These lamps are controlled 
by switches on the sides of the piers. 

As already stated, there are nine piers carrying bench marks. 
Midway betwen the 0™ and 4" pier, there is an additional pillar, 
AK, Fig. 2, used to carry in conjunction with either the 0™ or the 4” 
pier a massive invar tube, 4, Fig. 10, 7% feet in length and 3% 
inches in diameter. 

This tube is bolted to heavy cast iron bed plates securely 
fastened to the tops of these pillars. One end is hxed through a 
rotary head to a strong bracket, which is bolted to the bed plate 
on one of the pillars, the other end is free to slide in a sleeve 
secured to a bracket boited to the bed plate on the other pillar 
Both ends are provided with adjustment in elevation and in a 
horizontal direction transverse to the length of the base. At the 


y rotating the tube 


fixed end provision is also made for slight 
about its axis. 


The tube carries two moveable bench marks, shown in deta‘l 


in Vig. 12, for standardizing lengths other than multiples of 4 
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Fic. 11.—SEcTION ON ZZ, FIGURE 10 
metres, two supports, 8, Fig. 11, for the standard rule when st: 
ardizing the +" rule, and two microscopes, V, Fig. 11, for the 
purpose. The carriers, B, P, and P, P, Fig. 10, for all the above 
are free to slide along t! 


1 } 
the entire length of the tube 


clamped at any desired position. 
The tube may be placed either in the interval 0“ — 2™ or 1a 


the interval 2! 4". It will thus be seen that with the aid of t] 


movable bench mark on the tube any length may be standardized 
on the base. 


The moveable bench marks are, like the bench marks on 


tire 
piers, adjustable in elevation and in a horizontal cirection trai 
verse to the length of the base. They have a further adjusitme: 
which the pier marks have not; a finely threaded screw moves t 


graduated plate in a direction parallel to the base. When by means 
of this screw the bench mark has been placed in tis desired po 
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tion with respect to the base, it is clamped and the screw no longer 
acts. 

The supports for the 1™ standard are simple ribbed brackets 
without any adjustment. A steel beam, F, Figs. 10 and 11, of 7 


section, rests by the usual three point method of a cone, straight 
groove and plane on these brackets. This beam serves as the sup- 


port for the standard rule and is furnished with means for slightly 


Section on XX 


SIDE VIEW FRONT VIEW 
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adjusting it both in a direction parallel to the base and in a hor:- 
zontal direction transverse to the base. 

The microscopes for the standard rule are carried in strong 
brackets, S, Fig. 11, firmly clamped to the carriers... The optical 
details are as follows :- 


Focal length of objective 


The micrometer screw has a pitch of 0.5 mm., the value of one 
turn of the screw being about 0.1 mm. on the object. The drum 
being graduated to hundredths, reads to microns. The gradua- 
tions on the rule and the bench mark are illuminated by means of a 
small 6-volt tungsten lamp, lH’, Fig. 11, the rays passing through 
a window in the main tube of the microscope above the objective 
and reflected downward in the tube by a piece of plane glass in- 
clined at an angle of 45°. Between the lamp and the window is a 
piece of ground glass, shown at m in Fig. 14, and a lens, n, 
mounted in the window, brings the rays to a focus at the second 
focus of the objective so as to emerge parallel. Large breath 
shields, p, protect the standard from local heating due to the breath 
of the observer when using the microscope. 


THE 4-METRE CARRIAGE, 

The carriage for the 4" rule travels on rails extending in front 
of the base its entire length and supported on small concrete pil- 
lars, L, L, L, Fig. 2, spaced 2" apart. The top surface of the 
outer rail is planed to a bevelled-head, while the top surface of the 
inner rail is left flat. A general view of the carriage is shown in 
Fig. 13, and details are shown in Fig. 14. It consists of a heavy 
steel beam of L section, A, stiffened underneath by a truss rod, f, 
and supported at each end on a three-wheeled truck. The wheel 
travelling on the flat rail, D, is flangeless and slightly barrelled, 


while the other two travelling on the outer rail have rims with |” 
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Fic. 14. 


END ELENATION OF 4™ CARRIAGE 
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grooves, E&. By means of a large knurled nut, L, directly over 
each truck, either end of the carriage may be raised or lowered to 
bring the rule to the same level as the bench mark. Lateral adjust- 
ment is provided by transverse screws, H, at each end operated 
by handwheels, /. The carriage is placed in approximate position 
on the base and locked by means of a clamping screw, U, on one 
truck and final longitudinal adjustment made by a tangent screw, 
|’. The microscope carriers move along slides, ¢, on the back of 
the L beam, and may be clamped in any desired position. The 
three microscopes are similar, the end ones, C and D, remain per- 
manently in position and the third one, EF, is moved by means of 
its carrier and slide opposite any intermediate graduation desired. 
The optical details are as follows :— 


The micrometer screw has a pitch of 0.33 mm., the value of one 
turn of the screw being about 0.1 mm. on the object. The drum 
being graduated to hundredths, reads to microns. The method of 
illumination is exactly similar to that used with the larger micro- 
scopes of the 1™ standard and the same breath shields are used. 

The 4" rule is protected from dust and accident by a metal 
cover, HW’, arranged in sections and easily removable. Small slides 
in the covers allow the rule to be brought close to the bench marks 
during comparison. 

The temperature of the bar is determined by two verre dur 
thermometers placed lengthwise alongside the bar with their bulbs 
enclosed in aluminum blocks clamped directly to the bar. The 
thermometers are graduated to tenths of a degree Centigrade, this 
interval being represented by 0.8 mm. on the scale. They were 
made by Tonnelot of Paris and standardized at the International 


Bureau of Weights and Measures. The ice point is redetermined 


from time to time. They are read through glass covered openings 


& 
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in the covers by means of microscopes mounted so as to slide in 


, +] 
grooves on top ot the cover. 


TENSION PULLEYS, PULLEY SUPPORTS, ETC. 


a tar ardi- } 5 

When a tape is standardized on the base, one end, Fig. 15 

connected to a tape-stretcher of special design, and the other, Fig 


16, to a fine piano wire which passes over a tension pu 


SIDE VIEW FRONT VIEW 
FIG. 15.—TESTING STANDARD TAPES ON BAsE—ZERO End 


ttached to a weight representing the tension recuired for the te 
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mediate pulley supports, Fig. 17, are introduced at whatever inter 
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and the tape stretcher are furnished with adjustments in the verti 


cal and tranverse directions; in this way the edge of the tape cay 


be brought up to and in focus with both end bench marks. The 
zero mark of the tape is brought into coincidence with the zero of 
the bench mark by means of a fine screw on the tape stretcher 
giving longitudinal adjustment. - Both tension pulley and tape 
stretcher can be clamped to any part of the track. 

The pulley supports are aluminum alloy wheels 354 inches in 
diameter, carefully made and balanced. As friction is an import- 
ant source of error in these tests, advantage was taken of the fact 


FRONT VIEW 
Fic. 16. 
TESTING STANDARD TAPES ON BASE—TENSION PULLEY END 


SIDE VIEW 


that these pulleys are never under any strain, and they were mad: 
of as light construction as possible. They weigh only 1.9 ounces 
each, and much the greater part of this weight is in the hubs and 
hall races. Each pulley is mounted on a vertical forked bracket 
supported on a stand which is placed on the track wherever de 


sired. The pulleys are adjustable in height so that the top surface 
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Fic. 20.—VIEwW or THERMOMETER COMPARATOR 


Journal of the Royal Astronomical Soctety of Canada, 1918 


3 
| 
u 
+ 
7 
d \ 
Fs) 
> 
= 
“ar 


4 
4 
- 
4 
4 
| 


The Geodetic Comparator 289 


of each pulley may be brought to the same elevation as the bench 
marks. 

The microscopes used in the tape tests, see Figs. 15 and 16, 
are two in number and were made by Zeiss. Each microscope is 
fitted with an objective consisting of two lenses; by means of a 
knurled ring rotating like a correction collar, these lenses may be 
separated or brought closer together. The focal length of the ob- 
jective is in this way variable from 29™™ to43™™; the aperture is 
7™™; the free working distance varies according to the magnifica- 


tion desired from 3"” to 18"", and the image distance is 210™". 
The magnification with the eyepiece used may be varied to any- 


SIDE VIEW FRONT VIEW 
Fic. 17. 
TESTING STANDARD TAPES ON BASE--PULLEY SUPPORT 


thing desired between the limits of 25 to 50 diameters. The micro- 
meter screw has a pitch of 0.5"", the value of one turn of the 
screw being from about 0.11™™ to about 0.06" on the object. The 
drum is graduated to fiftieths; one division of the drum is there- 
fore equal to values varying from about 2 microns to 1 micron, 
according to the magnification used. The microscope is also fitted 
with a micrometer movement which enables the whole microscope 


to be moved bodily in a direction parallel to the base. This screw 


has a pitch of 1"™, and permits a total movement of the microscope 


of 20", The drum being graduated to hundredths, one division 
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of the drum is equal to 10 microns. As the value of one turn of 
this screw is constant and is independent of the magnification, it 
is used practically altogether in the standardizations in preference 
to the eyepiece micrometer. A Sensitive level is mounted on the 
micrometer block to ensure that the movement is horizontal. 

The graduations on the tape and bench mark are illuminated 
by throwing the light from a small 6-volt lamp through a window 
in the microscope tube directly above the objective on a smail 
prism in the tube, from which it is reflected downwards. 

The microscope is mounted on a strong bracket firmly secured 
tc a stand which may be clamped to any part of the track in a 
manner exactly similar to the tension pulley and tape stretcher. 

The thermometers used for determining the temperature of 
the tape under standardization are exactly similar to those used 
on the 4" rule. They are placed 4" apart along the length of the 
tape midway between the piers and are brought as close to the 
tape as possible. Each thermometer is carried in a protecting cage 
supported by a light bracket attached to the inner rail. 

A water level made by Morin of Paris, consisting essentially 
of two vertical transparent tubes graduated with finely divided 
scales and connected by a flexible tube, is used in order to see that 
all the bench marks, pulley supports, etc., are in the same hori- 
zontal plane. 


TAPE COMPARATOR. 

If a subsidiary standard were to be tested directly on the 
comparator with an accuracy of, say, 1 in 1,000,000, it would be 
necessary, first, to know the correct temperature of the tape to 
within 0.09°C. and, second, either to make the test only when this 
temperature is standard (62° Fahr.), or to know or else determine 
the coefficient of dilatation of the tape in order to reduce it to 
standard. In other words, extreme care and extreme precautions 
would have to be taken every time it was desired to test a tape. 
If, on the other hand, the tape were tested by comparing it with 


another steel tape previously standardized, so long as the two tapes 


were at the same temperature and had the same coefficients of 
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dilatation, it would make no difference what that temperature 
actually was, as both tapes would expand and contract exactly 
alike. In this way that source of error which is the most difficult 
to overcome in precise determinations of steel tapes would be elim- 
inated. 

For the above reasons, certain tapes have been selected as 
steel standards; they are carefully standardized at regular inter- 
vals on the base and all steel tapes are tested by comparison with 
them. 

The idea of this method of testing the subsidiary standards 
originated with the Surveyor-General, Dr. Deville. The apparatus 


FRONT VIEW 


Fic. 18.—TArkE COMPARATOR—ZERO END 
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was designed by Mr. Way, who is in charge of the Laboratory, 
and was made locally under his supervision. It is installed on the 


wall of the comparator room opposite to the base. 


The steel standard and the tape to be compared are stretched 
along the wall supported each on its own set of pulleys. These 
pulleys are similar to those used on the base and are carried in 
pairs on steel spindles which screw into adjustable brackets spaced 
at 100-inch intervals attached to the wall. The flanges on the 
inner side of each pair of pulleys are made exceeding 
that the two tapes lie side by side very close together. At the zero 
end, Fig. 18, the standard is attached by means of a piano wire 
with swivel joint to a bracket, B, furnished with adjustmert, A, 


permitting tne tapes to be brougnt closer together or separated as 


desired. The corresponding end of the other tape is connecied to 


FRONT VIEW 


Fic. 19.-—-Tarpk COMPARATOR—TENSION PULLEY END 


4 
4 
j 
| 
> / A 
| i > Vas © 
| 
oo’ Z 
f 
q | 
ad 
C) ( 
; 
4 
7 
“4 
| 
val 


The Geodetic Comparator 293 


another bracket, E, through a sliding block, D, controlled by a 
screw, F. This screw is connected by means of gears, G and H, 
to a steel rod, /, extending ihe length of the apparatus, enabling 
an observer to adjust the relative positions of the two tapes from 
any point along their length. Knurled handles, L, at convenient 
spacing are keyed to the rod, which is carried on ball bearings. 
The other ends of the tapes, Fig. 19, are attached to their tension 
weights by fine piano wire with swivel joints and passing over 
tension pulleys similar in construction to that on the base. These 
tension pulleys, O, O, revolve on screwed spindles, Q, Q, which 
may be inserted into brackets, P, P, provided at desired points 
along the wall. 

The comparisons are made with the Zeiss microscopes used 
for standardizing tapes on the base. Special carrier brackets for 
taking these microscopes are provided at the 0, 10, 50, 66 and 100 
feet intervals. 

Four thermometers similar to those used on the base sus- 
pended in protecting cages from the wall close tothe tapes give 
the approximate temperature of the tapes under comparison. 

A finely divided scale attached vertically to a light bracket 
swings out from the wall at the middle of the 50, the 66 and the 
100 feet intervals. This scale is used for measuring the sag when 
the tape is suspended in the catenary. 


BALANCES. 

From the description of the installation which has been given 
above, it will be seen that all tapes are tested either suspended in 
catenary or supported at intervals. No tapes are tested when 
supported throughout their entire length on account of the exces- 
sive friction involved. In order to reduce the length of a tape 
tested in catenary or supported at intervals to the flat, it is neces- 
sary to know either the weight per linear inch or the cross section 
of the tape. 


The weight per linear inch is found by determining the weight 
of the total length of the tape. Two precise balances (one large, 
the other small, and shown at the end of the room in Fig. 4) furn- 


at 
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ish the necessary eqtipment. They are made by Oertling of 
London, and were furnished through the Department of Inland 
Revenue. They are of the regular pattern and are enclosed in 
glass cases. 


MICROMETER GAUGES. 

The cross section is found by measuring the width and thick- 
ness of the tape with a precision gauge at a number of places along 
its length and taking the mean of the results so found. The 
Laboratory is furnished with gauges for this purpose. The first, 
made by the Société Genevoise, has a fine micrometer screw of 
1™" pitch. The drum is graduated to two-hundredths, one division 
of the drum being therefore equal to 5 microns. The second is ot 
the regular pattern used in machine shops, is made by Brown and 
Sharpe, and the screw has a pitch of 0.025 inch, and reads by a 
vernier to one ten-thousandth of an inch (2.5 microns). 


ICE POINT APPARATUS AND THERMOMETER COMPARATOR. 


As previously mentioned, the thermometers used are verre 
dur thermometers by Tonnelot of Paris. 

The precise determination of temperature being such an im- 
portant factor in nearly all the tests, it is necessary to know the 
correction of these thermometers to the International Hydrogen 
scale. In this connection, advantage was taken of the apparatus 
used at the Surveys Laboratory for the testing of thermometers. 
The ice point is determined from time to time to check any secular 
change or any other changes to which thermometers are subjected. 

To indicate the importance of checking the thermometers, it 
may be pointed out that the ice point in practically every case has 
risen by about .02° C. (or about 1/5 of a division) during the time 
the thermometers have been in use. The ice point is also deter- 
mined whenever the thermometers are subjected to a temperature 
widely different from the regular temperature. 

The apparatus is similar in principle to that found in physics 


laboratories and conisists of an outer copper receptacle 10 inches 


in diameter and 12 inches deep, nickel plated on the outside and 
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provided with an opening at the bottom to permit draining the 
superfluous melted ice; in the centre of the container is a glass 
bell-shaped jar 5 inches in diameter and 9 inches deep, also pro- 
vided with means of drainage. Both glass jar and outer receptacle 
are filled with finely packed ice made from distilled water, and 
when the bulb of the thermometer and as much as possible of the 
stem have been immersed in the crushed ice, the thermometer is 
held vertically by suitable clamps attached to an ordinary retort 
stand. 

In order to check the scale corrections as given in the original 
certificate of thermometers, they were intercompared among them- 
selves and also with thermometers which had been standardized 
to the International Hydrogen scale at the Bureau of Standards, 
Washington. It is gratifying to note that no appreciable error 
was found in the values used for correcting the readings of these 
thermometers. 

The above comparisons were made in the thermometer com- 
parator of the Surveys Laboratory, shown in Fig. 20, and which 
it may not be out of place to briefly describe. The apparatus is 
similar in principle to that in use at the Bureau of Standards and 
was made in Ottawa to designs furnished by the laboratory staff. 
It is adapted for the comparison of thermometers with one or 
more primary standards at any. temperature from about 5° to 
90° C, and may be used in either the vertical or horizontal posi- 
tions. 

The comparator consists of a well insulated copper container 
filled with water and mounted on trunnions. The lower part con- 
tains the circulating propeller and the heating and cooling coils. 
The propeller is mounted on a vertical shaft, belt-connected to a 
small motor. For rapidly raising or lowering the temperature, hot 
or cold water is passed through the circulating coils. A resistance 
coil and rheostat is provided to accurately regulate the tempera- 
ture. The thermometers are held in a rack, which may be rotated 
by a hand wheel. Long windows for illuminating and reading 


purposes are let into opposite sides of the upper part. A micro- 
scope with micrometer eyepiece is provided for reading the ther- 
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mometers. The apparatus is very efficient, the maximum differ- 
ence in temperature between the top and bottom of the space hold- 
ing the thermometers being too small to influence thermometers 
reading to 0.01° C. 


THE TESTS. 


In the preceding pages the special construction of the building 
and the apparatus employed have been described. It is possible 
: that a brief account of the method of testing and of a few of the 
: many precautions it is necessary to take to eliminate possible 
sources of error will serve to illustrate the working of the appar- 
atus and explain more clearly why a building of this special con- 


struction is found necessary. 


1. Standardization of 4" Rule. 

The 1™ standard is set up on its supports and adjusted to 
. proper position. The microscopes A and B are brought over the 
{ end graduations, carefully adjusted and focussed; the O™ to 1™ 
3 


interval of the 4" rule is then brought up alongside and the 4" rule 
adjusted by means of its carriage so that this interval lies side by 
side with the 1™ standard; when so adjusted (see Fig. 11), the 
. } graduations on both the 1™ standard and the 4 rule are visible in 
7 the microscopes at the same time and a direct comparison of the 
graduations is made. , 
9 When the comparison of the 0™ to 1™ interval has been com- 
; pleted, the 1™ to 2™ interval is brought alongside the standard and 
compared in the same way. After the lengths of the four indi- 
vidual metres have been determined, the length of the interval 0™ 
to 4" can be deduced. 


2. Standardization of the base. 


The carriage containing the 4" rule is brought between the 
O™ and 4" piers and adjusted so that the O™ and 4™ bench marks 
may be compared with the rule; when so adjusted, the graduations 
% on both the rule and the bench marks are visible in the microscopes 
2 at the same time and a direct comparison is made. 
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The carriage is then moved to the next set of piers and the 
eperation repeated. The distance between adjacent bench marks 
along the base is in this way determined, and the total length of 
base or of any desired 4" part of the base is merely a matter of 
addition. 

To lay off a length on the base other than a multiple of 4", 
one of the moveable bench marks carried on the invar tube be- 
tween the 0™ and 4" piers is used. By means of the 4™ rule, the 
moveable bench mark is set on the tube so that the distance from 
the moveable bench mark to the 4™ bench mark corresponds to the 
remainder, when the integral number of metres in the desired 
length has been divided by four. The distance from some one of 
the 4" bench marks to the adjustable bench mark would then cor- 
respond to the desired length. 

Suppose that it is desired to set the adjustable bench mark 
so that a 100-foot tape may be standardized; 100 feet correspond 
to 30.47997 metres. As mentioned above, seven of the four metre 
intervals adjacent to the 4™ pier will account for 28 metres, but we 
have still 2.47997™ to be taken care of by the adjustable bench 
mark. It will be remembered that the first metre of the rule is 
divided into millimetres, so that any length less than 4 metres is 
obtained by using one or more of the whole metre intervals and 
the fraction of a metre on the first interval. The 3-metre gradua- 
tion of the rule is brought into coincidence with the 4™ pier bench 
mark and the moveable bench mark clamped on the invar bridge 
to correspond as nearly as possible with 520.03", on the rule. 
The distance between the moveable bench mark and the 28" pier 
bench mark is then determined with the 4™ rule and the tape stand- 
ardized as in (3). 


3. Standardization of the Laboratory Standards. 


The Laboratory standards consist of invar wires, invar tapes 
and steel tapes. They are supported at 4™ intervals on the pulley 
supports already described, adjusted to lie directly in front of the 
bench marks and the desired graduations standardized by direct 


comparison with the corresponding bench marks. In standard- 
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izing the steel standards, extreme care has to be taken in these 
tests in order to get the temperature of the tapes as correctly as 
possible. The standardizations are made periodically and the 
values used for the standards are always the means of a consider- 
able number of standardizations. 


+. General Tests. 


The Dominion Lands Subsidiary standards and all engineer- 
ing tapes sent to be standardized are tested entirely on the tape 
comparator, being compared thereon with the Laboratory steel 
standards. With the assumption that, within the limits of tem- 
perature under which the tests are made, usually between 61° and 
63° F, the difference in the coefficients of dilatation between the 
Laboratory standards and the tape under comparison introduces 
errors well within the limit of accuracy desired, such tapes may be 
verified at any time and no attention given to attempting to deter- 
mine the precise temperature. 

GENERAL REMARKS. 

It will have been noted that both the 1™ standard and 4™ rule 
are of invar. By using the same metal for both rules we have not 
been obliged to provide the special apparatus necessary for com- 
paring measures with different coefficients of expansion; by using 
invar, With its extremely small coefficient of expansion, we are in- 
dependent of close temperature control; by having the 1™ standard 
compared frequently at the International Bureau at Paris, we are 
protected against the danger of the secular changes which have 
been found to occur in many measures. 

The 4™ rule, used in measuring the base, besides having a 
flexure due to its weight, has also a slight curvature in the horizon- 
tal plane. In order to deduce the total length of the rule from the 
lengths determined for the individual metres, it was necessary to 
measure the inclination of the + one-metre chords. A collimator 
telescope was mounted on the 4" carriage and a telescope fitted 


with an eyepiece micrometer rigidly mounted on the track. The 


two meveable bench marks were adjusted on the invar tube so as 


4 
4 
4 
4 
‘a 
3 
aA 
q 
& 


The Geodetic Comparator 299 


to be exactly 1" apart. The metre intervals of the 4™ rule were in 
turn brought up to the moveable bench marks and adjusted so that 
both ends of the interval were exactly the same distance from the 
bench marks. The image of the cross wires of the collimator was 
then bisected with the eyepiece micrometer of the telescope. In 
this way the curvature in the horizontal and vertical planes were 
determined and the necessary corrections computed. 

The brackets both for the microscopes used in standardizing 
the 4" rule and for those used for establishing the base, are ad- 
justed to verticality by taking the microscope out of its collar and 
inserting in its place a rod ground accurately to fit and carrying 
a sensitive level. 

The micrometer screws have been carefully calibrated, using 
the method elaborated by the Bureau of Standards and explained 
in their Bulletin No. 215, entitled, “Micrometer Microscopes.” <A 
correction table is used when computing the length of the 4™ rule 
or of the base. 


1915 1915 1916 
a 


+20". 


June 


Fic. 21.—GRAPH OF SECULAR CHANGE OF 32™ BASE 
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The bench marks being mounted on piers isolated from the 
floor and running down to a monolith some distance beneath the 
floor, the length of the base is independent of the temperature in 
the room and consequently far more constant than would other- 
wise be the case. In order to obtain information as to the charac- 
teristics of the base, it has been the custom to make a determina- 
tion of the length each week. The results for the years 1915 and 
1916 are shown in graphical form in Fig. 21. The weekly deter- 
minations are plotted in microns per metre variation from the 
mean length of the- base. The temperature of the outside air is 
shown for purposes of comparison. It will be noticed that the 
two curves are similar in form, but that the curve of the base lags 
about six weeks or two months behind the temperature curve. 
The regularity and sine shape of the curve is remarkable and 
would indicate that the length of the base closely followed the 
temperature of the monolith. It is proposed to further investigate 
this relation by sinking bore holes, so that the temperature of thr 
monolith may be obtained at any time. 

Fig. 22 shows the variations of the individual 4” intervals 
It will be noticed that the forms of the curves are similar to that 
for the whole interval, although the amounts are not distributed 
equally over the base. 

The extreme change in the total length during the year 
amounts to nearly 1™", or 1 part in 32,000. The maximum rate 
of change for the 32™ length is about 19 microns per 24 hours, so 
that no appreciable error is introduced by taking the length as 
sensibly constant during the interval of time elapsing between 
measuring it with the 4" rule and comparing the standard tapes. 

In comparing steel tapes with the base, it is necessary that the 
temperature of the tape should be uniform throughout its whole 
length, and to obtain this temperature to a high degree of accu- 
racy; an error of 0.1° C would introduce an error of approximate- 
ly 1 in 1,000,000 in the computed length of the tape. The tem- 
perature is obtained from thermometers supported from the track, 
close to the tape, one being placed midway between each 4-metre 


interval. Steel tapes are always allowed to hang in position for 
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Fic. 22.—-GRAPH OF SECULAR CHANGE OF INDIVIDUAL 4” PIERS 


some time in order that the temperature of the tape and of the 
thermometers may be considered the same. 

As an illustration of the results obtained in this direction, the 
corrected readings of the thermometers during a test are given in 
Fig. 23. It will be noticed that the temperature along the base is 
remarkably constant, the largest residual from the mean being 
0.08° C, the same tape “A” showing the largest mean residual of 
0.05° C. This result speaks well for the insulation of the building 
and the complete circulation of the air obtained. When dealing 
with such small variations in temperature as these, it is necessary 
to consider the influence of the human body, radiation from the 


lighting system and other similar causes. At no time during a 
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tape test is an observer allowed to stay at any point along the 
length of the tape, while precautions are also taken to eliminate as 
far as necessary the radiation effect of the electric lights. 

In the case of invar standards the temperature control is not 
so important, but these tapes have to be handled with extra care 
owing to the molecular instability of the material and the ease with 
which kinks are formed in the tapes and wires. 

In both the base and tape comparator it will have been noted 
that the pulleys supporting the tape and the tension weights are 
designed with the idea of reducing friction errors to a minimum. 
Friction in the apparatus, by altering the effective tension, will 


TAPE A B Cc 


THER. TEMP.| UV TEMP.; U TEMP.) UV 


No. 38034 16.78} — 03] 1654} - Ol} 1646 | + .02 
30 89) + .08 05) 41) —.03 


31 85} + .04 04) — Ol 43) -.01 
32 83} + 0 57} + 02 44) 
33 16) — .05 53) — 02 44) 00 
35 76} — .05 55} .00 48) + .04 


MEANS 1681} 05) 1655 02) 1644) 02 


Fic. 23.-- THERMOMETER READINGS OF TAPE TESTS 


alter both the sag and elastic lengthening of the tape, and has the 
greatest effect when the span between supports is large and the 
tension relatively low. After the installation of the apparatus, 
tests were made to determine the actual amount of friction, and, 
what is perhaps more important from the practical point of view, 
the effect of this friction on the apparent length of a tape. The 
first test was made by loading the periphery of the pulleys until 


motion could just be sustained. The actual friction measured 


along the axis of the tape, including 1 tension pulley loaded with 
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10 kgms. and 7 supporting pulleys, was 5.96 grms., or 1 in 1,678 
of the tension; with a load of 10 lbs., the effective friction amount- 
ed to 3.85 grms., or 1 in 1,175. 

The effect of this friction was measured by comparing the 
difference of the length of the tape tested first after allowing the 
weight to fall in the setting the graduations, and second by raising 
the weight. The setting being controlled from the end remote 
from the weight, the difference in length by the two methods 
should give twice the effect due to the friction in the apparatus. 
The results of a number of tests are as follows :— 


Tension applied. Lengthoftape. Mean difference of readings tension 


pulley and intermediate pulleys. 


10 Ibs. 66 ft. 8 microns 
10 Kgms. 66 ft. 5 microns. 
10 Ibs. 100 ft. 11 microns. 
10 Kgms. 100 ft. 12 microns. 


The effect of friction in the apparatus, as indicated from these 
experiments, would cause an error of approximately 1 in 5,000,- 
000, providing the settings are all made in one direction. As, how- 
ever, they are always made in alternate directions, we may con- 
sider this effect as being practically eliminated. 


INVAR WIRES STEEL TAPES 
No. 272 | No. 273} No. 859 | No. 860| No. 861 | No. 862 
DATE |LENGTH) |LENGTH| |LENGTH) Y|LENGTH| U|LENGTH| Y|LENGTH| 


1917 |24.000+| |24.000+) |23.999+| |23.999+| |23.999+| |23.999+ 


adil +2| |-3| 7151 +9 
24 751|-131 
OcT.3} 771|+7| gga|+2 
10) 760|-4| -1 
1) 7621-4 -4 
24 766}+4 892\+10 586-18  860|-10 


Fic. 24.—TrEsts oF STANDARD WIRES AND TAPES 
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determined for six tapes tested on the 6th and 7th August last are 
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As an illustration of the accuracy obtained in the standard- 
ization of our standard wires and tapes on the base, the results of 
the weekly tests from September 19 to October 24 are given in 
ig. 24. The comparisons show for the arithmetical means prob- 
able errors of about 2.3 microns (1 in 10,090,000) for the inva; 
wires, and a maximum of 3.5 microns (1 in 7,090,009) for the. 
steel tapes. 

And as an illustration of the results obtained in the testing of 


D.L. subsidiary standards on the tape comparator, the lengths 


Tests of D. L. Subsidiary Standards 
LENGTH 66 FEET LENGTH 
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shown in Fig. 25. It will be seen that the maximum variation 
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from the mean of four independent measurements is in every case 
less than 1 part in 1,000,vv0. 


THE CANADIAN LEGAL STANDARD. 

In conclusion, I would like to say a few words with reference 
to the Canadian yard. 

The unit of measures used on Dominion Lands surveys is the 
Gunter’s chain. For such measure, “the legal unit of standard of 
length in Canada from which all other measures of length in Can- 
ada shall be computed and ascertained” is, by Act of Parliament, 
represented by three primary standards known as “The Dominion 
Standards.” These standards are solid square bronze bars, 1 inch 
in section and 38 inches long. The yard is defined as the distance, 
at some stated temperature, between two fine lines on the surfaces 
of two gold plugs that are sunk in holes or wells near the ends of 
each bar. These bars were made by Troughton & Simms and 
were exactly similar to a number of other bars made by them in 
1857: for the Imperial Standards Commission. They were care- 
fully verified in 1874 by comparison with what is known as yard 
No. 6 by the Standards Department of the British Board of Trade, 
and were received in Canada in 1876. One of these bars was in 
the custody of the Speaker of the Senate, one with the Speaker of 
the House of Commons, and the third with the Department oi 
Inland Revenue. As a _ thorough search after the Parliament 
Ruilding fire was unable to discover the two bars which had been 
in the custody of the Speakers, it is presumed that they were de- 
stroyed at that time. At the present time, therefore, the legal unit 
of length in Canada is represented by the one remaining primary 
standard——that with the Department of Inland Revenue. 

Now the British Weights and Measures Act of 1878 requires 
that their Parliamentary copies shall be compared with each other 
once every 10 years and with the Imperial Standard once every 
20 years. A study of the results has shown that these standards 
are not invariable and that their lengths are likely to be altered 
some appreciable extent by molecular and other changes taking 


place in the alloy of which they are formed. Changes in as short 


if 
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an interval of time as 10 years have been discovered of the order 
of 1 in 200,000.* 

The Dominion Standard bar was tested in 1874, forty-three 
years ago, but has never since been verified. If changes in the 
order of 1 in 200,000 have taken place in exactly similar bars in 
10 years, what changes may not have taken place in the Dominion 
bar in 43 years. Are we justified then in assuming that the rela- 
tion is the same any closer than 1 in 100,000? : 

The relationship of the Imperial standard yard to the metré 
has been carefully established by the co-operation in a long series 
of comparisons of the International Bureau and the British Stand- 
ards Department, so that the Surveys Laboratory consider they 
can state the lengths of their standards in relation to the Imperial 
yard with a probable accuracy of 1 in 1,000,000; but it is quite 
impossible to state with any certainty of precision what the relation 
of these standards may be to the Dominion standard yard, the legal 
unit in Canada. 

The Dominion Lands Surveys is not the only organization 
concerned. The universities and all bodies dealing in precise 
measurements are also affected. The Geodetic Survey measure- 
ments, I understand, are based on a one-metre rule which has 
been standardized at the National Physical Laboratory. They ar: 
referred to the same fundamental standard as the standard of the 
Surveys Laboratory, and the measures of the Geodetic Survey and 
of the Surveys Laboratory should be in agreement, and, referred 
to the Dominion standard yard, there is the same order of doubt. 

What is the remedy’ The permanency of the Internationa! 
metre has been thoroughly proved and is universally recognized. 
It has been established as the fundamental standard in practically 
all the countries in the world, except Great Britain and her col 
onies and Russia, and possibly Turkey, Venezuela, Bolivia and 
Paraguay. 

*App. 2, Report by the Board of Trade on their Proceedings under the 
Weights and Measures Act, 1913. 

\ Silica Standard of Length—Proceedings of the kKoyal Society, Vol 


85, 1911 
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In 1914, the Canadian Weights and Measures Act was revised 
to make the International metre the fundamental standard of the 
metre in Canada; it should be further revised so as to make the In- 
ternational metre the fundamental standard of length, and the 
length of the yard as bearing some definite fixed relation to this 
metre—either that which has been established as the relation of 
the Imperial yard to the International metre (0."914 399 2), and 
which is already officially recognized by Parliament in that it is 
the conversion factor used in table I. of the revised schedule IT]. 
of the said Act, or the relation 3600/3937 as adopted by Act of 
Congress for the relation in the United States. 


Representations should be made by the parties interested to 
the proper authorities, and if the matter is placed before them in 
the proper manner, it seems to me there should not be much diffi- 
culty in having the desired amendment put through. 

DOMINION OBSERVATORY, 

Orrawa, CANADA, 
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MEETINGS OF THE SOCIETY 


At Toronto 


April 9, 1918.—The regular meeting was held in the Society’s 
Rooms, 198 College St., at 8 p.m., the President, Mr. A. F. Miller, 
in the chair. 

The receipt of a communication from Montreal was an- 
nounced, regarding the formation of a new Centre of the Society 
in that city. 

A summary of the business transacted at the meeting of the 
Council on April 5th was announced, viz., That the difficulty some 
of the local Centres have in obtaining lecturers for their meetings 
having been brought to the attention of this Council, it had been 
resolved to offer to supply lectures to them for each alternate 
monthly meeting wherever this course is deemed advisable; that 
Mr. A. H. Crease had been appointed Treasurer; that the forma- 
tion of a new Centre at Calgary had been postponed until after 
the war; that a committee on finance, consisting of the President, 
the Treasurer, and the Secretary, had been appointed to act in 
connection with the payment of accounts; that the outlay for 
printing the JouRNAL had been averaged at $200 per issue for ten 
numbers in the year, as hitherto; that an extra $5 per month had 
been added to the salary of the assistant librarian for assistance in 
the routine work of the office of Treasurer; that $50 had been 
appropriated for lantern slides; and that apportioning the annual 
grants to the various Centres had been referred to the finance 
committee, with power to act. 
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Mr. Robert Rutherford, 64 Awde St., was elected a member. 

In the reports of observations, Prof. Chant referred to the 
ease with which the planet Mercury could be seen during the past 
week, while it was drawing close to its easterly elongation on 
April 7. 

Mr. F. L. Blake spoke of the recent outbreak of sun-spots and 
the associated auroral display of last Friday evening (April 5). 
He showed a sketch of a large penumbral spot which appeared in 
a stream of spots last week. ‘ 

Mr. J. P. Henderson, referring to the same group of spots, 
sketched the changes that took place in the U-shaped umbra of one 
spot, in which one of the arms of the U broke off and moved over 
the edge of the spot. 

Mr. A. R. Hassard mentioned that Saturn was only two 
degrees from Praesepe, which gave the planet an impressive set- 
ting in the field of the telescope. He showed an interesting water- 
color sketch of Saturn near this asterism made by a young lady 
who had attempted this task for the first time. 

Mr. J. R. Collins reported that Mr. Andrew Elvins, at the age 
ef 95 years, had made some observations of the aurora of las: 
I'riday evening, and some sketches in connection with it. 

Mr. A. F. Miller reported that the North Polar cap of Mars 
is slowly diminishing at the present time. 

Sir Frederick Stupart gave the paper of the evening on “Some 
remarkable storms of the winter of 1917-18.” The causes of the 
storms are connected with the weather in the far north, from 
which the Meteorological Service receives no regular telegraphic 
observations, and so the causes cannot be well studied or a definite 
paper written until other observations from that region come to 
hand. There are four factors that govern the storms, but scien- 
tists are still unable to connect them, viz. :— 

Distance from the equator, or latitude. 

The position of the sun, i.e., the time of the year. 

The distance from the sea, and the altitude. 

There is a beit of low pressure near the equator, all around 
the earth, and belts of high pressure north and south of this equa- 
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torial belt. This is the general system of distribution of pressure 
and on it is impressed another system due to differences of land 
and water. In winter time the high pressure belt extends farther 
to the north than it does in summer time, but the pressure is always 
relatively low over the ocean compared with that on the land. 
This arrangement of pressure belts always leads to a flow of the 
air toward the equator, resulting in the trade winds. It fluctuates 
back and forth with the time of the year and the position of the 
sun. All the pilot balloons they send up at Toronto move in an 
easterly direction, thus showing the drift of the atmosphere in 
this locality. 

The lecturer showed lantern maps of North America 
having the mean barometrical pressure, and with isobars across 
which the wind blows at an angle of about 45 degrees. There 
were no storms of any importance last November, the weather 
be‘ng quite normal, which was unusual for November. Near the 
end of the month, however, an intensely high pressure area was 
formed over Alaska and the Yukon, accompanied by very low 
temperatures there, making an average of 41 degrees below normal 
at Dawson. This high area had evidently come from Siberia, of 
which more information will doubtless come to hand, and it led to 
a great flow of air to more southerly latitudes, with prevailing 
winds from the north and north-west. This caused the extreme 
cold weather we had in December. He showed maps of the storm 
tracks over North America for the months from December to 
March. 

The great area of high pressure above mentioned pushed the 
storms out of their usual courses, and every low pressure area in 
December passed far to the south of the usual storm track. In 
January we had nearly the same condition as in December, the 
courses of the storms being much further south than usual. In 
i‘ebruary things were returning to their normal condition. 

The lecturer concluded with a slide showing some interesting 
data of the earth tremors and air waves resulting from the explo- 
sion of the munition ship in Halifax harbor on Dec. 6, 1917. In 


westerly directions these evidences were scarcely noticed beyond 
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50 miles from Halifax, but much further in north-easterly direc- 
tions. Thus the shock was quite noticeable at Port Hastings, 125 
miles distant, from Halifax. He believed the earth movements 
extended for about 60 miles, and beyond that distance air move- 
ments were the cause of the shock felt, the greater distances 
reached toward the north-east being due to the general movement 
of the atmosphere in that direction. 

Mr. W. E. W. Jackson suggested reflexion of the explosion 
from off the citadel and higher land toward the lower parts in a 
north-easterly direction, as a probable cause of this greater effect 
in that direction, and this was considered as worth looking into. 


April 23.—The meeting was held in the Society’s Rooms, 198 
College St., at 8 p.m., the President, Mr. A. F. Miller, in the chair. 

The following were elected members of the Society :— 

E. Edwin Howard, K.C., 372 Mountain St., Montreal. 

Prof. D. Buchanan, Ph.D., Queen’s University, Kingston. 

Mr. W. E. W. Jackson mentioned a noteworthy halo of the 
sun at 2 p.m. on April 19, and Mr. A. F. Hunter stated that he 
had also observed the same halo at 5 p.m., when it included a 
zenith are and an upper tangent to the first circle, both of which 
lacked curvature, being apparently straight lines. 

Mr. J. P. Henderson showed sketches of sunspots which he 
had observed and drawn since the last meeting of the Society. 

Mr. A. F. Miller mentioned that Mars begins to show a slight 
phase as the earth recedes from it. The finer details on the planet 
are not visible in our atmosphere at present. Dr. A. D. Watson 
mentioned that he had obtained the most distinct view of Mars 
through Mr. Miller’s telescope, using a power of 300, that he had 
ever seen. The late Percival Lowell had said that there are differ- 
ences in eyes, sometimes the rods, sometimes the cones, being in 
excess, and according to whichever preponderated, so was the 
vision. He suggested some tests and investigation of astronomers’ 
eyes as to their anatomical differences and their different visual 
capacities for seeing through telescopes. 


Mr. A. F. Miller gave the paper of the evening on “Time and 
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Time-keeping.” Introducing the subject, he referred to various 
meanings of the word time. The saying of the seer of Patmos 
that ‘Time shall be no more” is now regarded as a mistranslation, 
the accurate translation being, “There shali be no more delay.” 
Amongst the common sayings about time is this one: “Time is 
money”: it is somthing valuable. For the purposes of this lec- 
ture, he defined time as that portion out of the infinite which we 
utilize or seek to measure. 

Our units of time are the year and the day, both natural divi- 
sions, and sidereal time is the real basis of ail time. At least a few 
animals have some knowledge of time, as we see in the crowing 
of the cock and the noises of other birds towards morning. H 

1 “Works and Days,” has many references to the stars an 
times, and Virgil in the “Georgics” deals with times and seasons. 

We have a Christianized, pagan calendar, with awkward divi 
sions of months, etc. It commemorates heathen divinities of the 
Anglo-Saxons, Roman emperors, sun, moon, and a variety of regu- 
lations of councils of the early Christian church, retaining all these 
relics of hoary antiquity into an age that calls itself enlightened. 

Standard time was introduced for convenience, one of the 
chief movers in this matter being the late Sir Sanford Fleming, 
and it has had great and manifold advantages. At the time 


was adopted there were objections to setting on the timepiece 


{seventeen minutes faster for Toronto), and he recalled the ex- 


ample of a Toronto judge, who refused to set forward the clock 
int the court house; but all these objections were soon overcome, 
and people demand uniform time, whatever it may be. He ex 
plained the difference between mean solar time and apparent sola: 
time. 
For telling the time the ancients used the gnomon, which wa; 
an index or pin to mark the hour by the shadow it casts, and they 
ad many irregularities in their time reckoning. Later the sun 
ial came into use and made some improvement. In some parts 
of Ireland, when the lecturer was young, the people told the tim 
by the position of the sun. This ability on the part of the peopl 


as been lost by the intreduction of cheap timepieces. 
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In regard to the question, Is our main timepiece losing time? 
cr is the rotation of the earth changing? Proctor said it may be 
that the rotation is becoming slower, but it is not by much more 
than a second in 100 years or 1,000 years. 

Besides the gnomon and the sun-dial in antiquity, people used 
the clepsydra or water-clock, pocket dials, candles for time meas- 
uring, and the sand-glass. He traced the growth and development 
of watches, chronometers and clocks, beginning with the verge 
escapement (the word “verge” meaning a staff or rod, as still used 
in the word “verger” for a beadle), and described the pendulum 
and other improvements down to the present lever watcli.” At 
the time of changing to standard time, it was proposed to divide 
clock dials into 24 divisions for hours, but this Was found to be so 
confusing on a clock face, and so impracticable that it was never 
adopted. He showed examples of the cylinder watch, the duplex 
watch, the verge watch, and the stop watch (used, for example, in 
connection with a race), some of these examples being very old. 

Mr. C. I. F. Whitney was present and showed three interest- 
ing old watches, one of which would strike the hours and the quar- 


ters quite audibly. 


May 7.—The regular meeting was held in the Society’s rooms, 
198 College St., at 8 p.m., the President, Mr. A. F. Miller, in the 
chair. 

Harry P. Gatrell, 1755 Pendrill St., Vancouver, B.C., was 
elected a member. 

John B. Fraser, M.D., gave the paper for the evening on “Is 
the sun a primary source of electricity’’’ He defined what elec-» 
tricity is, and traced it to the rays which emanate from the sun 
and penetrate space in all directions. The relation between elec 
iricity and light is inferred to be one of identity. The analysis of 
light into the seven colors of the spectrum (which he illustrated ) 
presupposes the parts at the two ends beyond the visible spectrum, 


each of which parts he described, and in these electric influences 


are located. 
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Having traced electricity to its source, he next described the 
three main forms in which electricity is manifested, viz. :— 
1. Galvanic, which is generated by chemicals. 


2. Faradic, which is generated as induced current electricity, 


and 

3. Static, or electricity at rest. This is found in the air, in 
electric machines, etc.; one can generate as much as 50,000 volts 
by an ordinary electric machine. 

The relation of electricity to magnetism offers some interest- 
ing lines of inquiry. This has to do with the coils in which the 
induced currents are produced, and he showed a diagram of an 
ordinary induction coil. Heat demagnetizes iron, but cold has the 
opposite effect, and at a very low temperature assists magnetiza- 
tion. He considers the cold of space through which radiation 
comes from the sun has a conserving effect upon it, and makes 
clectro-magnetic phenomena possible on the earth. Hertzian waves 
belong to this category and have long wave-lengths. 

If the electric influence has a vivifying effect, why is it not 
used more than it is? He described some experiments for plant 
growth by the use of electricity, to show the high increases in the 
percentage yields of the crop thus stimulated. The use of elec- 
tricity in the destruction of germ life is also noteworthy. Toron- 
to’s death-rate from nephritis is the largest in this country, most 
probably from the chlorine used to purify the drinking water. Tf 
this were done by the use of the ultra-violet rays, the deleterious 
effect would be remedied. 

Light and electricity do many things alike. He performed 
two small experiments to show the changes wrought by electricity 
in chemicals which are also affected by light, viz., phenol and 
argentum nitrate solutions; in both cases the current changed the 
solutions exactly as light does. 

May 25.—The regular bi-weekly meeting of the Society was 
held in the Society’s Rooms, 198 College St., at 8 p.m., the Presi- 
dent, Mr. A. F. Miller, in the chair. 


Mr. J. P. Henderson, M.A., showed some drawings of sun- 
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spots, and mentioned that last week there were but few spots vis- 
ible. Mr. J. R. Collins had observed a distinct aurora on the night 
of May 10 in the north-east sky, and it extended very far to the 
southward, about midnight. Mr. Miller described the fine auroral 
display of May 16, which would compare in importance with the 
great display of last August. Prof. Chant mentioned ,that there 
was a lunar halo the same night, thus giving an indication of iden- 
tical atmospheric conditions determining the two phenomena. 
After midnight the sky was wholly covered by auroral streamers, 
with the exception of a small part at the south about twenty 
degrees of altitude. He had determined the point in the sky to 
which the streamers converged at 12.17 o’clock, and would com- 
pare it with the position of the magnetic zenith for the same time. 
Rev. Dr. Marsh said there were tremendous protuberances on the 
sun the same day (May 16), which might have some connection 
with the auroral display, instead of the usual sun-spots of a pro- 
nounced type that accompany aurorae, but were not numerous, 
just then. 

T. H. Lennox, B.A., Youngstown, Alta., was elected a mem- 
ber. 

Rev. Dr. Marsh, Pickering, gave the paper of the evening on 
“Astronomical photography with a 5-inch telescope.” He said 
that with a small telescope one cannot follow what those who are 
using large telescopes do, but one has to work out a line of action 
for the smaller instrument. Long continued experiments are 
necessary to get satisfactory results. In order to make a photo- 
graph of the sun, for example, in a small telescope having an 
ubject glass with a focal length of, say, 75 inches, there would be 
a focal image of only five-eighths of an inch, so an amplifier has 
to be used to give a photograph of a reasonable size. This ampli- 
fier, by the old process, was a positive lens outside the focus of the 
objective, but by the new process it consists of a negative lens 
placed within the focus of the objective, and this gives better 
results. 

It is difficult to get the proper focus for making a photograph 


with good definition. The most satisfactory method he has found 
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10 be by the use of star trails, and the instrument adjusted by this 
method gives satisfactory results. An exposure lasting the one 
ten-thousandth part of a second is sufficient for making a photo- 
graph of the sun. In practice, he puts the shutter of the camera 
very close to the amplifying lens, and drives this shutter as fast as 
he possibly can by using a strong spring. He puts the color screen 
for the filtration of the rays within an inch of the shutter, and 
reduces the diaphragm of the objective of the telescope to an inch 
and a quarter, so as to diminish the quantity of light. For ordin- 
ary work he uses a slow Cramer isochromatic plate. 

By means of the lantern, the lecturer showed a number of 
photographs on the screen, made by his apparatus, including two 
photographs of sun-spots, clearly defined ; a photograph of Venus 
made with an exposure of 5 seconds; one of Mars; one of Jupiter, 
showing clearly the belts of that planet; and one of Saturn. By 
using an improved color screen and suitable plates, he has been 
able to reduce the time of exposure necessary for successful re- 
sults. Some very good photographs of the moon were made with 
exposures of from three to five seconds. 


A. F. HUNTER, 


Recorder. 
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NOTES FROM THE METEOROLOGICAL SERVICE 


SUMMARY REPORT OF THE WEATHER IN CANADA 
APRIL, 1918 


Temperature. 


The mean temperature was very appreciably 
in excess of the April average in the West, and very nearly 
average in the other Provinces, except perhaps in Nova Scotia 
and Prince Edward Island, where it was slightly in defect. 


Precipitation.— The precipitation was deficient in all the 
Provinces except Saskatchewan, where it was a little in excess 
of the normal. In the West it occurred very largely in the form 
of snow, but in the other Provinces was chiefly rain. 


May, 1918 


Temperature.--The mean temperature was higher than 
average over the more southern portions of Ontario, Quebec and 
the Maritime Provinces, but the positive departure diminished 
to a negative departure in the more northern districts, and was 
also negative over nearly the whole of British Columbia and the 
Western Provinces. The largest positive departure was in East- 
ern Ontario and Western Quebec, and the iargest negative in 
Northern and Eastern Saskatchewan. 


Precipitation._-The rainfall was somewhat in excess of the 
normal in Northern Ontario and also in Quebec near the St. 
Lawrence, and in Western Manitoba, while in all other parts of 
the Dominion it was in defect. The deficiency was pronounced 
in Nova Scotia and Southern New Brunswick, and also over the 
greater part of Alberta and Saskatchewan, while in Southern 
Ontario it was but slight. 
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TEMPERATURE 


STATION 


Vukon 
Dawson 
British Columbia 
Atlin 
Agassiz 
Barkerville 
Kamloops 


New Westminster 


Prince Rupert 
Vancouver 
Victoria 
Western Provinces 
Battleford 
Calgary 
Edmonton 
Medicine 
Minnedosa 
Moose Jaw 


Oakbank 


Portage la Prairie 


Prince Albert 
Qu’ Appelle 
Regina 
Saskatoon 
Souris 
Swift Current 
Winnipeg 
Ontario 
Agincourt 
Aurora 
Bancroft 
Barrie 
Beatrice 
Bloomfield 
Brantford 
Ciapleau 
Chatham 
Clinton 
Collingwood 
Cottam 
Georgetown 
Goderich 
Gravenhurst 
Grimsby 
Guelph 
Haliburton 
Huntsville 


Highest 


~J 


The Weather in Canada 


FOR APRIL AND May, 1918 


STATION 


Kenora 
Kinmount 
Kingston 
Kitchener 
London 
Lucknow 
Markdale 
North Gower 
Oshawa 
Ottawa 

Paris 

Parry Sound 
Peterboro’ 
Port Arthur 
Port Burwell 
Port Dover 
Port Stanley 
(Queensborough 
Ronville 
Southampton 
Sundridge 
Stonecliffe 
Stony Creek 
Toronto 
Uxbridge 
Wallaceburg 
Welland 
White River 


Ouebei 
Brome 
Father Point 
Montreal 
Quebec 
Sherbrooke 


Maritime Provinces 


Charlottetown 
Chatham 
Dalhousie 
Fredericton 
Halifax 
Moncton 

St. John 
Sussex 

Sydney 
Yarmouth 


Highest 
“+> Lowest 
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7 April May April | May 
=| 
| | 384 | 17 
'70/ 22/75 34 
47 |- 6 72 | 19 | 83, 28 
78 | 29/75 | 30 75 | 20 | 85 28 
60 1 | 62) 23 |} 69 | 14 | 82 25 
$o | 21 | 83 | 33 69 8} 83 26 
| 73 | 30) 75 | 35 80 | 14 | 84 25 
57 | 26 60 34 : ; 79 29 
7 66 | 31 | 73 38 76 | 18 | 87 2g 
79 | 33 %9 | 41 73 | 17 | 86 | 24 
72 | 12 | 82 | 26 
| 72 | 18 | 86 28 
76 | 20| 78 | 23 3 
71 2: 68 3° 
is 80/13 86 | at 
70 | lo 33 9 63 81 29 
72| 6/82) 14 7| 
16 89 | 19 65 | 15 | 83 | 27 
| 14 76 | 10|90 24 
75 17 74.25/88 31 
7 12 | 85 I 
| 7 69 | 23 | 82. 30 
4 14 | 9! ‘6 69 | 85 21 
74 4 8 69 | 21 | 86 32 
21 | 34 | 34 mare 
19 82 26 
69 | 13 11 | 83} 24 
21 / 
84 37 64 14 68 27 
69 9 SI 24 
7° | 19 
73/17 87 30 74114 86 29 
64; 5 80 20 
75 | 22 
68 | 18 | 82 | 27 60 | 14 | 80 30 
66 | 14 | 82 32 
19 
71 | 18 | 82 28 71 18 | go! 26 
68 | 22 | 86 | 30 
72 | 13 84 25 66 | 16 Sg 25 
71 | 19 | 82 | 33 19 | 64 33 
7 22 
73} 3| 87) 23 62 | 12; 84 28 
73 | 2/83! 27 62 | 23/81 33 
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EARTHQUAKE RECORDS BY THE MILNE SEISMOGRAPH 


TORONTO 


SIR! FREDERIC STUPART, DIRECTOR. 


?.T. = Preliminary Tremors, S. =Secondary Waves. L.W. = Large Waves. A.C. 
=Air Currents. Time is Greenwich Civil Mean Time, 0 or 24h = midnight. 
Date P. ae L.W. > Max. R k 
1918 Comm. Comm. Maz. Bad Amp. 
h m h m hm m h m mm 

1838 Apr. Io 229°7 2 29°9? | 2 S771 
1839] 13 2 07°3 2 21°3? | 2 §48/)0°2 
| 8 47°! ) 
i= 
1840 15 9 04°Gg 0°05 
> as | | 
7 | 30°11 
17 309°9 § | 3 30 2 
| 6 58°0 
1842) 17) 6 47°9? | 7 04°C 7 17°92? 
4 7 47°9 704°4 5} / 4°9 7 17 3 
6 50°0 } 


7 7 19°2?, 0°2 


7 00°4 3 
) 3529km. Clear 
22 44°4 ) j22 49° lene, (record, but P. 
1844 ‘ 21 2235971 45°7 § 22 516 \ 22 51°9 I |10°O not well defined. 
| San Jacinto, Cal. 
“* 27 15 15 07°85 34°67? 
4 45°0?) woe AC. going on. 
1846 May I | 4 49°62 \ 9°05 Micros going on 
nh 2nd and 4th would 
mask any small 
quake. 
1847, “* 6 § 12°4 5 12°9 5 22°2 0°3 |Micros. at inter- 
1848} 22 03°5 22 15:9 vals. 
1849) 16 21.47°2 |21 §0°2 06°31 0°2 
1850 20 14 23°7 14 26°7 Thickening. 

) Clear record 8. 
‘ 14 > -., amp. 43mm. 
1551) 20 14 45°2 14 53°! 15 05°7 : 7°3 6340 km, La Ser- 

ena, Chili. 
1852) 20 18 18 16°5 20 52°6! 1°3 SmaybeL waves 
1853, 22 6 55°4 7 51°6 [May be dual qu. 
23 12096 1214°5 (!217°0 Alaska. P not 
1855) 25 19 51°§ 2002°8 20 38°7 Irecorded. 
Boom period 18 seconds. Pillar inclination 1mm. = 0745. 
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VICTORIA, B. C. 
F. N. DENISON, SUPERINTENDENT. 


No. Date S. L.W. 
1918 Comm. Comm. Comm. 


1836 Apr. 


1837 

1838) ‘* 
1839 
1840) 
1841 
1842 
1843 
1844 


1845 May 


1846 ad 
1847 
1848 
1849 
1850 


| 
h m m s hm s 
10 | 2 21 24? 
13 2 10 36 


17, 2 48 33 | ? 
17| 6 46 06 | 6 48 05 
20 3 


21 22 35 57 |22 39 09 22 40 37 


15 Og 32 
44041 
} 
4 
16 41 49? 21 43 47 


20 14 49 05 14 59 09 115 1612 
20 18 o8 22 18 18 41 |18 34 55 
22) ? ? 6 52 44 


02 31 12.07 09 |12 1008 


25,19 40 25? 19 51 25720 04 55 


Max. 


h mis 
| 22221 


End 


hm i s 


2 57 46 


835.49 | 837 8 46 44 


19 34 57 | 

2 49 33 | 255 30 

6 48 34. 658 29 
7 15 30 

72 43.25 9 35 33 


4 44 37 


4 48 33 


7 13 10? 


21 45 36 21 §3 42 


15 25.17 17 27 46 


655 41 


18 47 22 20 44 15 
6 59 39 


(2 13 36 13 54 45 


20 16 25 20 52 25 


| 29°0 


Max. 


haw. Remarks 
mm | 
o'2 
0°05 

2410 km. Well 
defined. 


0°05 Thickening. 

(550 km.? 

1°O (1110 km. 

0°05 

1770 km. San 

Jacinto, Cal. 

0°5 P. may be S. 
phase. 

P. may be L. 

phase. 


“> 


‘or May not be 
Oo 
ow quake. 
1100 km.? 
g°0 8870km. Laza- 
rina, Chih. 


9160 km. May 
also be from 


Chili 
2930 km. 
| 18-5 Waves fairly 


large ampl. 
Alaska. 
O°5 10,040 km. 


Sheet 4th to 11th, reversed when putting on. Impossible to detect any 


small quake owing to record being so faint. 


VERTICAL SEISMOGRAPH 
VICTORIA, B.C. 


Date 5. L.W. 
1918 | Comm. Comm. Comm. | 
hms m s/h m 
Apr. 15 8 32 28 8 36 26 8 37 24 ? 
‘* 17| 6 46 4c 6 47 40? 6 48 00 
** 2122 36 1622 39 1322 41 1722 43 5423 34 
May 2014 48 5415 00 0015 16 3015 22 30 ? 
** 2018 07 3018 20 12 ? 18 41 30 ? 
2312 02 07 1712 Io §912 12 30 


*True earth movement. 


Amp. 


07 36 


Max. | 


Boom period 18 seconds. Pillar incliration 1mm. = 0°54 


Remarks 


2410 km. 

550 km.? 

t710km. San Jac- 
into, Cal, 

to,180 km. Laza- 
ina, Chili. 


2780 km. Alaska. 


4 4 
15 3151 | 
15 
é 
> 
ag 15 11 46 15 18 42 
4 
52! 
- 
¥ 
s| 
7 
7 
3 
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HORIZONTAL COMPONENT, NORTH 


BERKELEY, CALIFORNIA 


Date S. L.W. 


| Max. 

1918 Comm.) Comm.) Comm. Maz. | End | Amp. Remarks 
| hm m sjhm s;h msih m s| 
Apr. 21/22 33 5522 35 I9/22 35 38 | 0 40 00 Hgoo'\Origin near San 

V220 | Jacinto, Cal. 
Quake began at 
| | 22h 32m I4s. 
WIECHERT SEISMOGRAPH 
ST. BONIFACE, MAN. 
Date | P.T. S. L.W. Ge Max. 
1918 Comm. Comm. | Comm. Remasks 


Amp. 


hm m sth m sjh m sth m s 
Apr. 21,22 38 2622 42 21 \22 45 07 85 North and South, 
| 147 \East and West. 


(CANADIAN PRESS DESPATCH) 


Los Angeles, April 21.--All of Southern California and part of Western 
Arizona and Utah were shaken to-day at 3.32 p.m. by an earthquake which 
wrecked virtually all buildings and residences in Hemet and San Jacinto, two 
inland towns, forty-five miles southeast of Riverside, Cal., and caused minor pro- 
perty damage in practically every town and city. 

The severity of the shock seemed greatest inland, but it was distinctly 
apparent at nearly every point over California south from a line from Barstow to 
the coast and in some parts of Arizona, although no damage was reported there. 


In Arizona the shock was reported to have extended as far east as Seligman and 
Milford in Utah. 
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MAGNETIC OBSERVATIONS 
MARCH AND APRIL, 1918 


During the month of March the magnets were for the most 
part quite steady. The only noteworthy disturbance began 
suddenly at 21" 7™ G.M.T. on the 7th at both Agincourt and 
Meanook. It was very pronounced between 0 and 5» of the 
8th and continued active until midnight. The range in Declina- 
tion at Agincourt was 2° 8’ whilst at Meanook it was only 1° 57’. 
The changes in Force were greater than those in Direction, the 
H range being 912y and the Z range 501y. 

On the 12th of March from 5» to 12 G.M.T. a moderately 
large disturbance was recorded at Meanook in D, but at Agin- 
court whilst the Z showed a moderate decrease of Force, the 
other elements were only lightly disturbed. 

A large group of sun-spots was central on the sun’s disc 
North of the Equator on the 20th and another group was central 
South of the equator on the 26th. 

A very brilliant prismatic aurora was reported on the night 
of the 7th from all parts of Canada. 

With the exception of the period between 12th and 16th, 
when there was comparative calm, the Magnetic Forces during 
the month of April were more or less disturbed. 

The greatest disturbance occurred from the 4th to 6th in- 
clusive with maximum intensity during the night hours of each 
day. Moderately large disturbances were also recorded on April 
11, 12, 19, 23, 26 and 30. 

The large group of sun-spots central North of the Equator 
on March 20 was central again about April 6. Small spots were 
nearly always visible both North and South of the Equator. 

Aurora was reported very generally during the first two 
weeks of April and particularly on the night of the 4th and 
occasionally during the remainder of the month. 


| 
= 
5 
a 
| 
4 


SI6I ‘IT 


G 


lady AO AMVIOHLAV* VINAOATIVD HHL AO 


(moys *sZ ‘ydvsSowsiag ay) YA 


malas” 


| 
3 
2 || 
: 
+ | | 
| 
+7 
tT | 
| | 
| 


4 


324 Magnetic Observations 


AGINCOURT MAGNETIC OBSERVATIONS 
Lat. 43° 47’ N.; Long. 79° 16’ W. 


March, 1918 | D. West H Z | I 


Mean of Month 6 «15927 | 58405 74 44°8 
Maximum 7 25°9 16230 | 58547 | 
Date of Maximum 7 7 | 7 
Minimum 5 17°99 15318 | 58046 
Date of Minimum 7 7 7 
Monthly Range 2 080 gi2 | 501 
Mean Daily { From hourly readings 12°4 48 | 13 
Amplitude  ? From means of extremes 22°7 103 | 43 
MEANOOK MAGNETIC OBSERVATIONS 
Lat. 54° 37’ N.; Long. 113° 21’ W. 
March, 1918 D. East | H Z I 
‘ Y Y ‘ 
Mean of Month 27 45°! 12928 | 60325 77 54°2 
Maximum 28 56°2 
Date of Maximum | 20 
Minimum | 26 33°4 | 
Date of Minimum 
Monthly Range 2 22°8 
Mean Daily { From hourly readings 10°7 
Amplitude ( From means of extremes 34°7 


H and Z are given in Gammas. (1 y = o’oooor C.G.S.). 
All results are reduced to International Magnetic Standard. 


The value for I at Meanook is the mean of all the observations made during 
the month without regard to the time of day. 


The value of H at Meanook is the mean of two observations made about the 
middle of the month, and the Z is obtained by the formula Z = H tan I. 
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AGINCOURT MAGNETIC OBSERVATIONS 


Lat. 43° 47’ N.; Long. 79° 16’ W. 
3 


April, 1917 D. West H Z I 

Mean of Month 6 38°1 15923 58392 | 74 44°8 

Maximum 7 37°0 16161 58560 | 

Date of Maximum 5 11 5 | 

Minimum 5 27°4 15608 58210 

Date of Minimum 5 5 19 | 

Monthly Range 2 09°6 553 350 
Mean Daily ( From hourly readings 13°6 52 x 
Amplitude (? From means of extremes 30°9 124 81 | 


MEANOOK MAGNETIC OBSERNATIONS 


Lat. 54° 37’ N.; Long. 113° 21’ W. 


April, 1917 D. East H z I 
o | o ‘ 
Mean of Month 27 44°0| 12936 60410 77 54°58 
Maximum 29 00°53 
Date of Maximum 4 | 
Minimum 26 10°38 
Date of Minimum 4 
Monthly Range 2 43°5 
Mean Daily ( From hourly readings | 
Amplitude ( From means of extremes| 57°2 


H and Z are given in Gammas. (1 Y = o‘oooo! C.G.S.). 
All results are reduced to I. M.S. 


The value of I at Meanook is the mean of all the observations made during 
the magnth without regard to the time of day. 


The value of H at Meanook is the mean of two observations made about 


the middle of the month, and the Z is obtained by the formnla Z = H tan I. 


W. E. W. J. 
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‘conclude from this result? Obviously that the stars are not uni- 


ASTRONOMICAL NOTES 


MEASUREMENT OF THE PROPER MOTIONS OF STARS BY 
THE STEREOSCOPIC METHOD.-—-The stereogoniometer is a new 
instrument, invented by J. Comas Sola, director of the Fabra 
Observatory, Barcelona, Spain, for determining the proper 
motion or the parallax of stars by the stereoscopic method. The 
inventor states that two negatives taken only twenty hours apart, 
with an exposure of 30 minutes, enabled him to measure quite 
accurately the proper motion of P Ophiuchi.--Anglish Mechanic 
and World of Science, May 17, 1918. 


LIMITATION OF THE STELLAR SYSTEM.— What may we 


formly scattered throughout space, that with increasing distance 
the number 1n a given volume becomes less and less. 

In the vicinity of the sun the stars are most numerous, but 
in the remoter regions they thin out gradually. 

From simple counts of the stars for each interval of magni- 
tude we learn that our stellar system is limited, and that the 
stars gradually thin out as we approach its boundaries. We 
have assumed that the mixture of stars of different intrinsic j 
brilliancy is everywhere the same, and we have neglected nothing 
but a possible loss or scattering of light in its passage through 
space. The distant lights of the valley are obliterated when the 
air is filled with mist and haze, while those still visible are much 
decreased in brightness. Through the loss of light in the dust- 
laden atmosphere the content of the field of vision shrinks to a 
fraction of its normal size and brilliance. Were light absorbed 
or scattered in interstellar space, an infinite universe might 


appear as our own really does; but from independent evidence 


it seems practically certain that such absorption as may exist is 
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insufficient or not properly distributed to affect appreciably our 
conclusions, 
What first strikes attention is the crowding of stars near the 
Milky Way. For all magnitudes the numbers increase with de- 
creasing distance from the galactic plane, but for the fainter stars 
the crowding is most pronounced.—_-FREDERICK H. SEARES, in 
Publications Astronomical Society of the Pacific, April, 1918. 


SUGGESTED PHOSPHORESCENCE OF THE MOON’S SURFACE. 
—-Several observers of the total lunar eclipse of July 4 and 5, 
1917, seem to have been impressed by the much greater bright- 
ness of the moon's disc around the limb compared with the cen- 
tre. According to a short note in the English Mechanic for 19th 
April, 1918, M. A. Nodon, of Bordeaux, has revived an old 
suggestion that the moon's surface may possess a luminosity of 
its own iu the nature of phosphorescence, which would account 
for this appearance. Perspective would increase the apparent 
luminosity towards the limb. The theory was originally put 
forward to explain the brilliancy of certain lunar craters.-- 
Journal of the British Astronomical Association for April. 


MEANS FOR OBTAINING DIRECTLY THE ABSOLUTE MAG- 
NITUDE OF STARS.--In the course of an investigation of the 
spectra of stars of similar type it was found that a few of the 
lines showed considerable variations of intensity, although in 
other respects the photographs were nearly identical. These 
lines proved to be of two kinds: first, lines which in the course 
of laboratory investigations have been found to increase in intens- 
ity with reduction of temperature ; second, lines which are more 
intense in the spectrum of the electric spark than in that of the 
arc. It is probable, but not certain, that the latter, which are 
usually called enhanced lines, are more intense at high tempera- 
tures. When the behavior of these lines was examined in the 
spectra of stars for which parallaxes had been measured and 
absolute magnitude calculated, it was found that the low temper- 
ature lines were intense in stars of low luminosity and the en- 
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hanced lines intense in those of high luminosity. This result 
was tested in many cases, and found to hold for all the stars 
which were examined. 

‘‘It is evident that this discovery provides a means for 
obtaining the absolute magnitudes of stars directly. It is merely 
necessary by the aid of stars of known parallax and luminosity 
to determine the numerical relationship between absolute magni- 
tude and the intensities of these lines, and then to apply this 
relationship to the case of any star for which their intensities 
have been derived. For most of the lines the connection is 
nearly linear--that is, the absolute magnitude is proportional 
either in direct or inverse ratio to their relative intensities.’’—— 
H. P. Hous, English Mechanic and World of Science, June 7,1918. 


REMARKABLE SOLAR PROMINENCE.—-At 3 p.m. on June 2, 
I witnessed a wonderful solar outburst reaching to the enormous 
height of 160,000 miles, and then spreading away southwards 
for over 100,000 miles like a lurid streak from some huge furnace 
chimney ; but the streak was quite 150,000 miles from the west- 
ern edge of the sun. In less than half an hour it had all van- 
ished, leaving not a trace, but quickly followed by two tiny but 
vivid outbursts a little to the north, so bright that one could 
easily trace in lithium, hydrogen, sodium, helium, magnesium, 
calcium, etc. The sun’s surface was crowded with a great num- 
ber of sunspots.--A. LANDER, Lnglish Mechanic and World of 
Science, June 7, 1918. 


ON VARIATION OF VELOCITY OF WAVES DUE TO MOTION 
OF THE SouRCE.—In the former paper was the following state- 
ment : 

‘‘ A velocity of propagation which depends on the velocity 
of the source need not necessarily demand an emission hypothesis. 
Certain results observed in the firing of big guns may be pub- 
lished later. Preliminary evidence tends to indicate that the 
velocity of sound waves is affected by the velocity of the source.”’ 

At that time it was impossible to make a statement concern- 
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ing a variation of the velocity of sound due to the velocity of the 
source. This can now be done with some definiteness. The 
velocity of a wave depends not only on the medium in which it 
moves, but alsoon the velocity of the source from which it eman- 
ates. The evidence, theoretical and experimental, now seems 
fairly conclusive. The theoretical proof of the variable velocity 
of sound waves originating in a moving source is very simple. 

We have, therefore, two sets of experimental data entirely 
different from each other, as well as our mathematical theory to 
assert that the velocity of sound depends upon the velocity of 
the source as well as upon the kind of medium. 

Since our equations have been built from energy relations it 
can be seen at once that the same reasoning will apply to all 
waves in any similar medium. If, therefore, we assume a 
medium similar to air for light, the same reasoning as for sound 
must apply and the velocity of light will depend upon the velocity 
of the source. It isinteresting to say, inthis connection, that the 
Michelson-Morley experiment, which has been assumed by many 
to prove that the ether does not exist, becomes, from the point of 
view of this theory, one of the strongest proofs of its existence. 

The arguments against an emission hypothesis for light as 
obtained from observations of binary stars and quoted by Tol- 
man, Comstock, and others do not apply to the variable velocity 
of light demanded by this work because at a distance of a few 
light hours from the source the velocity of light will have 
become sensibly normal. 

At short distances, observed results, according to either the 
emission hypothesis, or to this, would be nearly the same in this 
regard. At the very great astronomical distances, varying all 
the way from four to thousands of light years, at which binaries 
are observed, there is a great divergence. The primary postu- 
late of relativity seems to be that it is impossible from observa- 
tions made in any system to tell which bodies of the system are 
moving. At astronomical distances this can be done under our 
hypothesis, and, therefore, it is not relativity. 


By analogy we have somewhat strengthened the hypothesis 
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for gravitation stated in the earlier paper. The astronomical 
arguments advanced there seemed fairly strong, even before 
there was this substgptiation of what seems a rather analogous 
case. I very much doubt that the gravitational case will prove 
to be exactly the same as regards the rapidity with which the 
excess velocity dies out. The perturbations due to this hypothe- 
sis should be computed for every possible binary in order to get 
a certain test as soon as possible. 

It must be remembered that the unit of distance according 
to whick the excess velocity decreases is the radius of the source. 
Professor Plummer in his article discusses the modifications of 
the Doppler effect due to the Ritz theory and shows that if the 
Ritz theory were true they would be such as almost to preclude 
the possibility of any actual spectroscopic binaries. However, 
according to our theory, the rapidly decreasing excess velocity 
gives a very slight modification of the Doppler effect; so slight 
that nothing can be certainly noticeable in any observation which 
we can make at present. The results obtained by this theory 
and by Stoke’s ether-drag theory will be very similar. I cannot 
conceive of any possible experimental evidence along these lines 
to distinguish between the two. It seems merely a question of 
which is the simpler should further experiments strengthen the 
belief that one or the other is true.— CAPTAIN DINSMORE 
ALTER, Lick Observatory Bulletin, No. 310. 


NEWS FROM THE STARS.—Like the Athenians in the days 
of St. Paul, we all delight to tell or hear of some new thing. 
‘* What's the news ?’’ is a standard form of greeting and few of 
us can pass a bulletin board or anewsboy shouting ‘‘extra’’ with- 
out stopping to get the news. And marvellous indeed is the 
organization that makes it possible for us to learn each day the 
more important items of news from every part of the civilized 
world. Whether it is that Steffanson has reached Fort Yukon 
after his long stay in the Arctic regions, that Guatemala has been 
visited by a disastrous earthquake, or that General Allenby has 
entered Jerusalem on foot, the egents of the Associated Press 
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have noted the fact almost before the event and we read of it 
next morning in our daily paper. 

At the present time, of course, the news we are all most eager 
to hear is the news from ‘‘ over there,” and in this the astronomer 
is as keen as the most ‘‘ practical” man of business. I am well 
aware that the latter sometimes regards the astronomer with a 
certain air of good-humored tolerance, as a man who walks with 
his head in the clouds and his eyes fixed upon the stars, oblivious 
of the ordinary, or even the extraordinary, affairs of our common 
daily lives. And ii would indeed seem that if any were to be 
unaffected by the present war it might well be a little company of 
men dwelling upon a more or less isolated mountain top, engaged 
in the purely scientific study of the stars. 

But let me bear witness that we are united with you in one 
brotherhood in our love of country and of righteousness, and that 
we are striving even as you to do our part toward making justice 
and right prevail upon theearth. Every man, woman and child, 
even to the month-old baby, in our litthe community on Mount 
Hamilton is a member of the American Red Cross; every girl 
and woman is giving every possible minute to knitting and sewing 
for the Red Cross: every employee of the Lick Observatory holds 
at least one Liberty Bond; every household is conscientiously 
conserving food and fuel; our little community has ‘‘gone over the 
top’’ in every ‘“‘drive’’ for funds, beginning with the appeals for 
relief long before the first Red Cross drive last spring. And that 
is the least of it. Practically every family has near relatives at 
the front, and four of our boys, sons of the three astronomers 
who have boys old enough to serve, are volunteers in the active 
military service of their country. Two are in France at this 
moment, Lieutenants in the Engineer Corps and in the Aviation 
Service ; one is on board a man-of-war, and the fourth is in the 
Marine Corps. 


It is our personal duty, meanwhile, quietly to continue getting 
the news from the stars and making it known to those who may 
be interested.—R. G. AITKEN, Publications Astronomical Society 
of the Pacific, April, 1918. 7. Gee: 
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NOTES AND QUERIES 


Communications are Invited, Especially from Amateurs. The Editor will try to 
Secure Answers to Queries. 


THE ECLIPSE OF THE SUN, JUNE 8, 1918 

The track of totality of this eclipse extended on the Ameri- 
can continent from the State of Washington to Florida, and 
astronomers were to be found at various points along it. As the 
duration of the total phase was longer and the sun also was 
higher in the sky the farther west the station was, the westerlv 
portion was the part chiefly chosen. The Lick Observatory had 
a party at Goldendale, Wash.; the U.S. Naval Observatory, at 
Baker City, Ore.; the Yerkes Observatory and the Mt. Wilson 
Solar Observatory, at Green River, Wvyo.; at Denver, were 
representatives from Allegheny Observatory, Yerkes, Goodsell 
and other places; at Matheson, Colo., were observers from 
Yerkes, Des Moines, Colorado College and Toronto; at Eads, 
Colo., a party from Swarthmore College, Pa.; and others at 
other points. The weather on the afternoon of a June day in 
this part of the country is very uncertain, but it was hoped that 
though some stations would experience bad weather others might 
have a clear sky in the west. So it turned out, though reports 
from some places have not yet been received. 

The present writer was near Matheson, Colo., a small village 
on the Rock Island Railway, about 60 miles south-east of Den- 
ver. The summit of a hill about two miles from the village had 
been suggested by Professor Frost as a good site, as it was very 
close to the middle of the track, it had a clear horizon in every 
direction and, being farther from the mountains than Denver, it 


might be expected to have more favorable weather 
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As a matter of fact the weather here at 5,23 p.m., the time 
of totalitv, was far from satisfactory. Day after day would be 
clear in the morning, but about noon clouds would gather along 
the horizon, and these would gradually thicken in the west as 
the day wore on, and on less than half of the days could the sun 
be clearly seen at 5.23 p.m. However, on June 8, at the critical 
time the clouds parted and the complete program was carried 
out. A fuller account of the work will be given in the next 
issue of the JOURNAL. 


THE NEW STAR IN THE EAST 

The most important discovery in many months is the new 
starin R.A. 185 43™°8, Dec. + 0° 29’ (1900), known as Nova 
Aquileé, No. 3, which shone out with astonishing brightness on 
June 9. On that evening, shortly before 9 o'clock, as the present 
writer was being accompanied to the railway station at Matheson 
by Professor Morehouse and Mr. D. Smith, of Drake University, 
Des Moines, Ia., and Mr. F. M. Loud, of Colorado Springs, we- 
glanced about the sky, still quite bright, and observed the bright 
star in the east, as bright as Vega, and agreed that on the map there 
was no such bright star in that part of the sky. Next day on 
the train Professor Jordan, of Allegheny Observatory, who was 
returning from Denver, stated that he had seen the star the 
evening before, and we observed it from the car window that 

Monday ) evening. 

Harvard Pulletin 658, dated June 10, gives further informa- 
tion regarding this wonderful star. It is probable that on 
account of difference in longitude it was first seen in Europe, 
but communications regarding it were received at Harvard as 
follows :—On Saturday night, from Mr. Warren H. Cudworth, 
Norwood, Mass. On Sunday, from Miss Grace Jordan, Eads, 
Colo.; Professor C. P. Olivier, University of Virginia; Professor 
A. H. Joy, Mt. Wilson Observatory ; Professor EK. Kk. Barnard, 
Yerkes Observatory; Mr. W. H. Stevenson, Leeds, England ; 
Mr. H. Benioff, Claremont, Cal.; Messrs. G. H. Peters and W. 
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A. Conrad, U.S. Naval Observatory ; Professor H. C. Wilson, 
Goodsell Observatory ; Miss M. M. Hopkins, on Southern Paci- 
fic train, Oregon; Mr. W. J. Luyten, Utrecht and L. Curvoisier 
Neubabelsberg ; Professor J. G. Porter, Cincinnati. 

On June 8 it was about 0°5 magn., on June 9, aceording to 
Barnard, — 1°4 magn. Parkhurst found its spectrum of first 
type with dark lines on June 8. This is the brightest nova since 
Kepler’s Star in Ophiuchus, which appeared in 1604, in R.A. 
17" 24™, Dec. — 20° 24’, and attained a magnitude — 4. 


On searching for the new star’s history, as recorded on the 
photographic plates at Harvard, it was found to have been first 
photographed there on May 22, 1888, when it was of the 
eleventh magnitude; and several hundred plates of it are now 
being examined to study its variations, which amount to at least 
halfamagnitude. On June 3, 1915, it was of about normal mag- 
nitude. June 4, 5 and6werecloudy. On June7 it was of sixth 
magnitude, A spectrum plate taken June 9 confirms Parkhurst’s 
discovery and showed narrow hydrogen lines on a nearly con- 
tinuous spectrum. See Mr. Harper's paper in this issue, p. 268. 

The further behavior of this wonderful object will be 
watched with great interest. It is gradually fading and now 
(June 18) is much fainter than Altair. 


THE MOON’S ATMOSPHERE 


In answer to a question by Senor Raurich, of Barcelona, 
Spain, Mr. H. P. Hollis, in the English Mechanic, gives an inter- 
esting summary of literature pertaining tothe lunar atmosphere, 
which I copy, as follows :— 


The first investigations or suggestions that I find about an 
atmosphere of the moon are contained in the A/emoirs of the 
Paris Academy for the year 1715. On June 28 of that year 
there was an occultation of Venus by the moon, and an observer 
— Delisle the younger— noted that as the moon approached 
Venus, and again as she left, the planet appeared red on the side 
near the moon, and blue on the opposite side. M. de Louville, 
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who also saw these colors, attributed them to a lunar atmos- 
phere, but Delisle thought the appearance could be explained 
without assuming an atmosphere, by using Newton’s principle 
that light-rays are bent as they pass an opaque object. In the 
memoir following this in the volume, James Cassini, the second 
of the name, then Director of the Paris Observatory, mentions 
other observations of this occultation of Venus, and shows that 
the color effect is caused by the telescope, and is probably not 
produced by a lunar atmosphere. It is curious to read in this 
memoir of the observations made in England of the recent total 
eclipse of the sun (1715, May 3), when a luminous circle was 
seen round the moon |apparently the corona|, which was evi- 
dently thought to be atmosphere; but the tone of the article 
makes it clear that Cassini thought that air does not exist on the 
moon. The next critical paper that I find on the subject is one 
in the volume of the A/emotrs for 1734, which begins with these 
words: ‘‘ Philosophers are quite unanimous that the moon has 
no atmosphere ; but the question is not by any means yet de- 
cided,’’ and proceeds to discuss the effect of a refraction by the 
lunar atmosphere on the observation of eclipses and of occulta- 
tions of stars. Most persons believe the moon has no atmos- 
phere comparable in density with that of the earth, still, they 
are prepared to grant a surrounding very much thinner and 
much less tenuous, and the question has resolved itself into the 
determination of the limit that must be set to these qualities. 
In the Philosophical Transactions of the Royal Society for 1792, 
Schroeter writes, as proof of the existence of a lunar atmosphere, 
that ‘‘ the mountains in the dark hemisphere of the moon near 
its luminous border, which are of sufficient height to receive the 
light of the sun, are the more feebly illuminated the more distant 
they are from the border”’ ; and in 1834 Bessel wrote a paper on 
the limit of the lunar atmosphere deduced from the refraction of 
stars at occultation. Bessel found that the lunar atmosphere, if 
any, did not refract to any sensible extent, whilst Schroeter 
suspected the existence of an atmosphere about one twenty-ninth 


the density of that of the earth. These investigations and 
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: memoirs show that the complete absence of a lunar surrounding 
: was not accepted as an absolute fact a hundred years ago ; and, 
: coming to more recent times, there is to be found in the Monthly 
3 Notices for 1873, November, a paper by Mr. E. Neison (Nevil), 


” 


‘*On the Limit of a Possible Lunar Atmosphere,’’ who attacks 
the question, as it generally has been attacked, by using obser- 
vations of the occultations of stars by the moon as data, and the 
deduced difference between the occultation and telescopic diam- 
eter. I hope that this is what the querist wants. It seems to 
me that when anyone looks at the moon’s surface through a 
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telescope the thought would at once occur to him that there is 
nothing in the way of clouds or any opaque matter around that 
surface, and Sefor Raurich may want to know where that is first 
stated. It may bein some ancient classical treatise ; but, as I 
have said, the first scientific statement I can find is of the year 
1715. 


A LEVER TO MOVE THE WORLD 


In ‘‘ The Princess,’’ by Tennyson, occurs the well-known 
passage 
ere nor would we work for fame; 

Tho’ she perhaps might reap the applause of Great, 

Who learns the one POU STO whence after hands 

May move the world, tho’ she herself eftect 

But little. 

Part il., Il. 243-247. 

Ever since reading this, many years ago, I have had a desire 


to know just where to find the original of the well-known saying 
of Archimedes. Recently I spoke about the matter to my friend, 
Mr. Percy J. Robinson, M.A., of St. Andrew’s College, Toronto, 
who has made a study of Greek maxims, and the information 
which follows is to be credited to him. 

The famous saying appears in two forms: 

(a) 80s po rod Kai Kwe Thy 

(6) BO xai tay 


The first is to be found in Pappus, viii., p. 1060. Pappus 
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was a distinguished Greek geometer of Alexandria and wrote on 
the history of mathematics, about 380 A.D. His works contain 
much that is of importance in the history of science. 

The second is to be found in the comment made by Sim- 
plicius (a Greek philosopher about 500 A.D.) on Aristotle’s 
Physics, p. 253, (or in Diels’ edition, p. 1110). 

The comment is as follows [translated] : 

‘* For measuring the fixed relation of force and mass and 
interval, Archimedes having constructed the measuring instru- 
ment called xapucréwy, on the supposition that the relation was 
invariable, made his famous boast, 7@ B@ kai xw@ trav yav, |Give 
me] ‘ where to stand and I move the earth.’ ”’ 


The above figure is from a wor!: by Varignon, Paris, 1687, and is given in 
Cajori’s History of Physics. 
The Latin motto may be translated thus : 


‘Touch it and you will move it.” 


There are also references to the saying in Tzetzes (a Greek 
writer of about the llth Century A.D.) in his book ‘‘Chiliades,’’ 
II., 1. 13, and III., 1. 61. The second extract is as follows 
[translated | : 


‘‘ Who lifts the earth with a triple pulley, shouting | give 
me| where to stand and I shall shake the earth.’’ 

The verbal difference between (a) and (6) is due to the 
fact that Pappus was a Greek of Alexandria and gives the say- 
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ing in the dialect of hisday, whereas Simplicius quotes the 
original Doric which Archimedes used. Hence (4) is undoubt- 
edly the original form. 

For further information consult the introduction to Heath’s 
‘* Archimedes.,”’ 


BRILLIANT METEOR OBSERVED 
[NOTE BY L. A. H. W.] 

At 9.32 p.m., June 11, from the grounds of Cragg’s Hotel, 
Estes Park, Colorado, a most brilliant and spectacular meteor 
was observed by a party of- astronomers who were visiting the 
park, having gone to Colorado to observe the solar eclipse. 

The meteor burst forth between stars delta and epsilon Ser- 
pentis and travelled in a westerly direction over an are of 60°. 
It consisted of a bright nucleus, and a tail fully 6° long, and at its 
widest part was about 15’ across. The head was a bright red, 
while the taii was bluish-white, bordered with red. The meteor 
seemed so close that it resembled a terrestrial phenomenon, such 
as a sky rocket. Its intense brilliance was probably due to the 
rarity of the atmosphere, the place of observation being at an 
approximate altitude of 7700 feet. 

Among the party of observers were,—Dean H. A. Howe, 
Chamberlin Observatory, Denver; Professor and Mrs. John 
Duncan, Misses Hazel Livingston and Margaret Attwood, of 
Wellesley College, Mass.; Professor P. Biefield, of Dennison 
University, Ohio ; Miss A. J. Cannon, Harvard College Observa- 
tory ; Professors H. R. Kingston and L. A. H. Warren, of the 
University of Manitoba, Winnipeg. 
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